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ABSTRACT 


This  report  is  the  result  of  three  years  of  research  on  the  subject 
of  recreational  boat  collision  accident  reconstruction.  The 
primary  focus  of  the  report  is  to  develop  techniques  for 
reconstructing  boat  collision  accidents  based  on  physical  evidence. 
The  purposes  and  goals  of  the  project  are  outlined  in  Chapter  1. 

Chapter  2  examines  the  USCG  Annual  Statistics  on  recreational 
boating  to  examine  trends  and  problems  over  the  last  twenty  years. 
Despite  an  overall  decrease  in  the  fatality  rates  in  recent  years, 
the  number  of  reported  collision  accidents  has  increased.  While 
the  number  of  fatalities  from  capsizings  and  falls  overboard  has 
decreased  each  year,  the  number  of  fatalities  from  collisions  has 
stayed  the  same  or  increased  slightly.  The  conclusion  from  this 
data  is  that  collisions  are  becoming  more  common  and  will  probably 
continue  to  account  for  an  increasing  percentage  of  the  accidents 
and  fatalities  in  future  years. 

Chapter  3  presents  an  analysis  of  the  three  types  of  collisions. 
Collisions  With  Another  Vessel  (CWAV) ,  Collisions  With  a  Fixed 
Object  (CWFXO)  and  Collisions  With  a  Floating  Object  (CWFLO) .  The 
analysis  of  these  accident  types  was  conducted  over  a  twenty  period 
to  examine  trends.  CWFXO  accidents  account  for  on  average,  about 
the  same  number  of  fatalities  as  CWAV  accidents,  even  though  there 
are  far  fewer  occurrences  of  CWFXO  accidents.  Accidents  classified 
as  CWFLO  account  for  less  than  20  fatalities  per  year. 

In  Chapter  4,  a  review  of  more  than  50  fatal  collision  accident 
reports  was  conducted  to  look  for  trends  and  common  denominators 
which  are  not  necessarily  recorded  in  the  statistics.  The  results 
of  this  limited  sample  showed  some  interesting  trends.  In  CWAV 
accidents,  persons  are  more  likely  to  be  injured  or  killed  if  they 
are  in  the  smaller  of  the  two  vessels  or  in  the  struck  boat  as 
opposed  to  the  striking  boat.  The  occupants  are  at  an  especially 
great  risk  of  injury  if  they  are  in  the  smaller  boat  and  it  is  also 
the  struck  boat.  Occupants  in  collisions  risk  being  thrown 
overboard.  It  is  important  to  determine  if  a  victim  died  as  a 
result  of  injuries  suffered  in  the  accident  or  from  drowning. 
Current  accident  reports  do  not  always  answer  this  important 
question.  In  reports  that  did  cover  this  area,  it  was  discovered 
that  most  drowning  victims  were  not  wearing  PFDs.  In  the  limited 
sample  studied,  15  out  of  16  powered  boats  involved  in  a  fatal 
CWFXO  accident  were  by  powered  by  outboard  engines.  A  fairly  even 
mix  of  propulsion  types  between  outboards  and  I/Os  was  found  to  be 
involved  in  CWAV  accidents. 

The  differences  in  environments  between  the  boat  and  the  automobile 
are  important  to  understand,  and  are  discussed  in  Chapters  5  and  6. 
Differences  are  found  not  only  between  boats  and  automobiles,  but 
in  the  operator's  backgrounds  and  qualifications  as  well.  While 
the  automobile  operator  must  pass  a  written  test  and  an  operator's 
test,  and  have  minimal  physical  capabilities  to  posses  a  license, 
none  of  these  restrictions  apply  to  boat  operators  in  most  states. 
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The  investigator  cannot  make  any  assumptions  about  the  age  or 
qualifications  of  the  boat  operator  involved  in  an  accident.  The 

boa^r's  environment  can  take  its  toll  °aA 

Sun,  wind,  vibration,  and  general  exposure  to  the  elements 

cause  fatigue  and  impair  judgement. 

Chapter  7  and  8  examine  the  field  of  automobile  collision  accident 
recLstruction.  This  field  is  perhaps  most  closely  i^elated 
technically  to  boat  collision  accident  reconstruction  ^al 

techniques  that  are  used  in  constructing  an  automobile  accident, 
well  as  the  physics  that  apply,  can  be  directly  applied  or  adapted 
to  the  reconstruction  of  boat  accidents.  The  fundamental  physical 
orinciples  of  boat  accidents  are  examined  in  Chapter  7.  ° 

this  data  is  derived  from  experimental  ^  ^USC^^bonso^ed 

and  1989  bv  UL  prior  to  the  beginning  of  the  USCG  sponsored 

research.  Most  of  these  collisions  were  conducted  as  part  of  a 

training  exercise  or  accident  investigation 

the  Florida  Marine  Patrol.  Chapter  8  examines  common  techniques 
used  in  automobile  accident  reconstruction  and  discusses  their 
relevance  to  boat  accident  reconstruction. 

Chapter  9  discusses  the  common  types  of  boat  interaction  during  a 
collision  accidents.  These  methods  of  interaction,  such  as 
Tides  ana  glancing  blows,  play  a  large  role  in  determining  the 
severity  of  the  accident.  This  chapter  discusses  possible  methods 
for  using  this  type  of  information  in  developing  an  accident 
classific^ation  system.  The  goal  of  this  system  would  be  to 
identify  accident  types  or  scenarios  which  tend  to  result  in  the 
greatest  number  of  fatalities  or  which 

of  a  fatality.  This  information  could  be  used  by  the  USCG,  state 
boating  law  administrators,  educators  and 

identify  where  the  greatest  efforts  need  to  be  focused  to  reduce 
fatalities  in  collision  accidents. 

Chapter  10  provides  the  investigator  with  an  understanding  of  the 
types  of  damage  found  in  a  typical  collision  accident.  Techniques 
for  documenting  the  various  types  of  damage  are  discussed. 

Chapter  11  provides  a  theoretical  approach  for  estimating  speeds 
for  certain  types  of  accidents.  The  earliest  efforts  by  UL  in  this 
area  centered  around  the  trajectory  motion  equations. 
equations  are  applied  to  boat  collisions  in  which  the  boat  is 
airborne.  These  formulas  are  useful  if  it  can  be  documented  that 
the  center  of  gravity  (CG)  of  the  boat  traveled  through  the  air  a 
certain  height  and/or  distance. 

Chapter  12  presents  some  theoretical  methods  for  estimating  impact 
angles  and  relative  velocities  of  two  boats  involved  in  a 
collision.  These  techniques  apply  primarily  to  over-ride  type 
collisions,  in  which  the  striking  boat  rides  over  part  or  all  of 
the  struck  boat.  Concepts  are  presented  regarding  the  Minimum 
Threshold  Velocity  (MTV) ,  which  is  the  minimum  velocity  required 
for  one  boat  to  ride  over  a  second.  The  possibility  of  using  the 
geometry  of  the  collision  and  the  shape  of  the  boats'  hulls  may 
form  the  basis  for  actually  predicting  the  launch  angle  of  the 
bullet  boat  in  an  over-ride  collision.  Depending  upon  what  other 
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data  is  available,  these  concepts  may  help  to  more  accurately 
estimate  the  minimum  possible  speed  of  the  striking  boat  in  an 
over-ride  accident.  These  concepts  need  further  development,  but 
may  serve  as  the  basis  for  future  study. 

Chapter  13  provides  the  results  of  ten  field  accident 
investigations.  Each  accident  is  used  as  a  teaching  tool.  The 
discussion  focuses  on  the  damage  or  information  that  is  unique  to 
that  particular  accident,  which  helped  the  most  in  the 
reconstruction.  This  chapter  is  not  intended  to  serve  as  an 
example  of  how  to  write  accident  investigation  reports. 

Chapter  14  pushes  the  limits  of  current  technology  and  provides  a 
glimpse  of  what  the  future  may  hold.  We  conducted  computer 
simulation  of  a  simple  collision  accident.  The  scenario  simulated 
3  boat  striking  a  stationary  boat  at  a  ninety  degree  angle.  The 
striking  boat  speeds  were  varied  from  5  to  30  mph  in  5  mph 
increments.  The  simulation  was  a  feasibility  study  and  the 
complexities  and  limitations  of  today's  technology  were  quickly 
realized.  The  latter  part  of  the  chapter  discusses  the  potential 
usefulness  of  utilizing  computers  in,  future  boat  collision 
accidents. 

Volume  2  contains  data  relating  to  the  computer  simulation.  The 
data  is  useful  primarily  to  researchers,  scientists,  and  accident 
reconstruction  experts  interested  in  computer  simulation. 
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LIST  OF  ABBREVIATIONS 


a  =  acceleration 

ASC  =  Accident  Severity  Code 

ASI  =  Accident  Severity  Index 

Bullet  Boat  -  In  a  two  boat  collision  accident,  the  bow  of  this 
boat  generally  strikes  the  other  vessel.  Also  referred  to  as 
Boat  No,  1,  or  the  striking  vessel. 

CG  =  Center  of  Gravity 

CHR  =  Center  of  Hydrodynamic  Resistance 

CLR  =  Center  of  Lateral  Resistance 

CR  =  Center  of  Rotation 

CWAV  -  Collision  With  Another  Vessel 

CWFLO  -  Collision  With  a  Floating  Object 

CWFXO  -  Collision  With  a  Fixed  Object 

d  =  distance 

D  =  drag  factor 

f  =  friction 

F  =  force 

ft  =  feet 

g  =  acceleration  due  to  gravity  (32.2  ft/sec^) 
h  =  height 

I  =  mass  moment  of  intertia 
KE  =  Kinetic  Energy 
m  =  mass 

mph  =  miles  per  hour 
N  =  normal  force 

OB  =  overboard  (as  in  thrown  overboard) 
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OIC  =  Occupant  Injury  Code 
OFC  =  Occupant  Fatality  Code 


over-ride  -  A  type  of  collision  accident  where  the  striking  boat 
literally  rides  over  part  or  all  of  the  struck  vessel. 


PE  -  potential  energy 

PFD  =  Personal  Flotation  Device 

RPM  =  Revolutions  per  Minute 


sec  =  second 


striations  -  Marks  on  a  surface  which  indicate 
another  surface  occurred  that  had  some 
velocity.  These  marks  generally  appear 
scratches  or  scrapes. 


that  contact  with 
positive  relative 
in  the  form  of 


Target  Boat  -  This  is  the  boat  which  was  considered  to  be  struck  by 
the  bow  of  the  other  vessel.  Also  referred  to  as  Boat  No.  2, 
or  the  struck  boat. 


T  =  torque 

u  =  coefficient  of  friction 


V  =  Velocity 

VR  -  Velocity  Ratio,  the  ratio  of  speeds  between  the  bullet  boat 
and  the  target  boat,  or  V2/V1. 

W  =  weight 
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CHAPTER  1 


INTRODUCTION 


1 .0  Why  Study  Collision  Accidents? 

The  number  of  recreational  boats  on  the  nation's  waters  has 
been  increasing  steadily  for  at  least  the  last  20  years.  Yet, 
according  to  the  annual  boating  statistics  published  by  the  United 
States  Coast  Guard,  the  number  of  fatalities  has  been  generally 
decreasing  each  year.  In  spite  of  this  good  news,  there  are  still 
signs  of  congestion  associated  with  the  growth  of  the  boating 
population.  A  possible  indication  that  the  waterways  are  getting 
more  crowded  each  year  is  the  increasing  number  of  collision 
accidents.  In  recent  years,  according  to  the  USCG  annual 
statistics,  collision  accidents  have  accounted  for  approximately 
half  of  all  the  accidents  reported  and  involved  more  than  60%  of 
all  vessels  involved  in  an  accident. 

Even  though  collision  accidents  are  a  major  problem  in  the 
picture  of  boating  safety,  they  are  perhaps  the  least  understood 
and  most  difficult  type  of  accident  to  investigate  and  reconstruct. 
This  fact  has  been  confirmed  by  conversations  with  literally 
hundreds  of  law  enforcement  accident  investigators  over  the  past 
four  years.  These  officers,  who  have  taken  the  Boating  Accident 
Investigation  Seminars  offered  by  UL  under  a  grant  from  the  USCG, 
have  generally  confirmed  that  collision  accidents  are  probably  the 
most  difficult  accident  type  to  accurately  reconstruct.  Little  or 
no  formal  research  has  been  done  in  the  past  to  develop  techniques 
for  boating  collision  accident  reconstruction.  Therefore,  law 
enforcement  officers  who  must  investigate  collision  accidents 
usually  have  little  training  in  the  specifics  of  collision  accident 
investigation  and  reconstruction. 

Other  implications  of  the  lack  of  prior  research  in  this  area 
are  that  little  is  known  about  collision  dynamics.  Detailed 
information  is  simply  not  available  regarding  exactly  what  happens 
to  the  boats,  the  internal  structure,  and  more  importantly  to  the 
occupants,  when  a  collision  occurs.  Research  into  these  areas  is 
necessary  in  order  to  reconstruct  accidents,  and  ultimately  to 
improve  boating  safety. 


1.1  What  Can  Be  Learned  By  Studying  Collision  Accidents? 

The  ultimate  goal  of  studying  any  accident  is  to  learn  how  to 
prevent  that  accident  from  occurring  again,  and  if  it  is  not 
preventable,  how  to  minimize  the  potential  risk  of  injury  or  death. 
The  study  of  collision  accidents  is  no  different.  Serious  effort 
has  been  made  in  the  past  to  study  boating  collision  acciderits. 
Previous  efforts  concentrated  on  cause  and  prevention  of  collision 
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accidents.  A  list  of  relevant  studies  is  provided  at  the  end  of 
this  chapter.  This  study  focuses  on  the  accident  P^^ocess  and  all 
that  it  involves.  By  studying  collision  accidents,  we  hope  to 
learn  how  to  reconstruct  those  accidents. 

In  addition,  we  hope  to  learn  more  about  where  to  concentrate 
future  efforts  on  improving  boat  design  (if  necessary) ,  an 
protecting  occupants.  We  hope  to  identify  the  most  common  and/or 
deadly  accident  scenarios  to  form  a  basis  for  how  to  prevent  Jhe 
accidents.  A  natural  first  step  is  to  study  the  dynamics  of  these 
collisions  and  learn  how  to  reconstruct  these  accidents.  The 

resulting  information  will  provide  tools  and  resources  to  the 
boating  industry,  designers,  and  law  enforcement  personnel. 


1.2  What  About  "Crashworthiness"  ? 

Inevitably  when  the  subject  of  boating  collision  accident 
research  surfaces,  people  ask  questions  about  "crashworthiness  of 
recreational  boats.  Visions  of  boats  driving  into  concrete 
barriers,  dummies  appearing  on  commercials  wearing  aquatic  seat 
belts,  and  new  government  agencies  forming  specif ical]^  to  regula 
boat  crash  tests  dance  in  the  anxious  minds  of  manufacturers  and 
the  curious  minds  of  boaters.  In  order  to  put  this  issue  into  i  s 
proper  perspective,  we  must  first  understand  what  crashworthiness 
really  is  and  how  it  relates  to  boats. 

Crashworthiness,  in  the  practical  sense,  refers  to  the  degree 
to  which  the  vehicle  (boat  or  otherwise)  is  resistant  to  the 
effects  of  a  crash.  A  more  relevant  term  to  describe  the  key  area 
of  concern  as  it  relates  to  boating  safety  is  occupant  protection, 
occupant  protection  might  be  defined  as  how  well  the  vehicle 
protects  the  occupants  during  a  collision.  This  is  the  primary 
concern  with  regard  to  boats.  The  crashworthiness  of  the  vessel  is 
also  important,  but  only  as  it  pertains  to  maintaining  some  degree 
of  seaworthiness  after  an  accident  to  prevent  loss  of  the  vessel 
and  those  on  board. 

Common  misconceptions  about  crashworthiness  imply  that  a  boat 
should  withstand  a  collision  without  suffering  maDor  damage. 
Automobile  manufacturers  learned  long  ago  that  they  could  design  a 
really  strong  vehicle  that  would  suffer  small  amounts  of  damage 
during  a  crash,  but  the  forces  that  the  occupants  experienced  could 
be  fatal.  Today's  automobiles  provide  excellent  occupant  protection 
during  a  frontal  crash  partly  through  energy  management  techniques. 
By  allowing  the  yehicle  structure  to  deform  as  the  crash  occurs, 
and  thereby  absorb  energy  as  the  crash  progresses,  the  forces 
exerted  on  the  occupants  are  kept  to  as  low  a  level  as  possible. 
Additional  means  of  occupant  protection  are  padding  of  surfaces, 
collapsing  steering  columns,  and  of  course,  active  and  passive 
passenger  restraints.  Some  of  these  techniques,  or  variations 
thereof,  may  eventually  apply  to  boats.  Recommendations  of  changes 
in  boat  design  are  beyond  the  scope  of  this  project.  There  may  be 
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times  however,  when  design  features  which  are  either  apparent 
problems  or  have  contributed  significantly  to  an  accident  or  injury 
will  be  identified.  If  sufficient  information  is  present  in  the 
cases  studied,  hypotheses  concerning  boat  design  as  it  relates  to 
occupant  protection  may  be  presented.  Before  anyone  can  adequately 
address  the  issues  of  occupant  protection,  we  must  have  a  greater 
understanding  of  exactly  what  is  happening  to  the  boat  and  its 
occupants  during  a  collision  accident. 


1 .3  Scope 

This  investigation  is  limited  to  the  study  of  collisions  involving 
recreational  boats.  All  types  of  collisions  are  considered 
including  the  three  types  identified  by  the  USCG  annual  statistics. 
These  types  are  as  follows:  Collision  With  Another  Vessel  (CWAV) , 
Collision  With  a  Fixed  Object  (CWFXO) ,  and  Collision  With  a 
Floating  Object  (CWFLO) .  The  abbreviations  for  the  various 
accident  types  in  parenthesis  will  be  used  extensively  in  this 
report. 

No  specific  restrictions  have  been  placed  on  the  length  of 
boats  involved.  That  is,  accidents  were  investigated  or  analyzed 
statistically  regardless  of  the  length  of  vessel.  The  majority  of 
accidents  studied  were  considered  to  be  representative  of  most 
field  accidents  with  regard  to  boat  length. 

In  the  section  on  statistics  of  collisions,  the  two  other 
major  accident  types,  based  on  fatalities,  of  falls  overboard  and 
capsizings  were  considered  and  compared  to  collision  accidents  in 
order  to  obtain  a  better  overall  view  of  accident  trends  for  the 
period  covering  1970-1989. 


1 .4  Purpose 

The  overall  purpose  of  this  project  is  to  better  understand 
collision  dynamics  and  occupant  kinematics  in  collisions  involving 
recreational  boats  for  the  purposes  of  accident  reconstruction  and 
improving  boating  safety. 


1.5  Goals  and  Objectives- 

Some  specific  goals  and  objectives  of  this  investigation  are 
outlined  below. 

Goal  No.  1: 

Evaluate  the  significance  of  collision  type  accidents  in  terms 
of  number  of  deaths  and  number  of  vessels  involved.  Compare 
trends  of  collision  accidents  with  trends  of  capsizings,  falls 
overboard,  and  other  accident  types  for  the  last  20  years. 
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Determine  how  these  trends  are  changing  as  the  number  of  boats 
inc?”sSI  in  addition,  evaluate  how  injuries  and  deaths 
occur  in  boating  accidents. 

Research  was  focused  on  answering  the  following  questions: 
How  significant  is  the  collision  problem? 

Has  the  number  of  collisions  increased  over  the  years  as  the 
number  of  boats  have  increased? 

Are  there  certain  types  of  collisions  or  scenarios  which 
commonly  occur?  If  so,  can  they  be  avoided? 

What  collision  accident  types  result  in  the  greatest  numbers 
of  fatalities  and  injuries? 

What  causes  injuries  and  deaths  during  collision  accidents? 

Are  there  common  accidents  which  seldom  result  in  an  injury  or 
death?  If  so,  what  are  these  accident  scenarios,  and  why  are 
occupants  not  injured? 

What  can  be  said  regarding  future  numbers  of  collision 
accidents,  in  particular  those  involving  fatalities. 


Goal  No.  2; 


Explore  accident  reconstruction  techniques  that  can  be  used  to 

reconstruct  a  collision  accident.  Specifically  these  included 

techniques  to: 

a.  Estimate  the  minimum  speed  at  which  the  boat  was 
traveling  just  prior  to  impact. 

b.  Determine  the  angle  of  impact.  This  primarily  applies  to 
two  boat  collisions. 

c  Identify  the  accident  investigation  techniques  which 

could  be  made  available  to  the  field  officer  today. 

d.  Identify  accident  reconstruction  techniques  and 
technologies  which  show  promise  for  future  applications 
but  which  may  need  further  development. 

e.  Identify  types  of  collisions  accidents  and  associated 
reconstruction  techniques  which  need  to  be  further 
developed. 

Identify  areas  in  accident  reconstruction  which  are  best 
deferred  until  technology  improves  in  relevant  areas. 

g.  Determine  the  role  which  occupant  kinematics  can  play  in 
collision  accident  reconstruction. 
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Goal  No.  3 


Evaluate  the  potential  applications  of  techniques  and  lessons 

learned  from  the  project  as  they  apply  to  improving  safety. 

Research  was  focused  on  answering  the  following  questions: 

a.  What  are  the  primary  causes  of  the  collision  accidents 
studied? 

b.  What  are  the  significant  contributing  factors? 

c.  What  are  possible  ways  to  prevent  these  accidents  from 
occurring? 

d.  Is  it  likely  that  collision  accidents  can  be  prevented? 

e.  If  these  accidents  are  not  preventable,  what  can  be  done 
to  minimize  death  and  injury? 

f.  Are  today's  boat  designs  adequate  for  the  purposes  of 
protecting  the  occupants?  What  are  the  positive  and 
negative  aspects  of  today's  designs  regarding  occupant 
protection? 

g.  What  areas  need  to  be  addressed  regarding  occupant 
protection  during  collision  accidents? 


Goal  No.  4. 

After  thorough  study  and  analysis  of  data  obtained  on  the 
subject  of  recreational  boat  collisions,  we  should  be  in  a  position 
to  draw  conclusions  and  make  recommendations  concerning  the  future 
of  collision  accidents,  collision  research,  and  accident 

reconstruction  techniques. 

Research  was  focused  on  answering  the  following  questions: 

a.  What  are  the  primary  areas  to  be  addressed  in  future 

studies  on  the  subject  of  collision  accident 

reconstruction? 

b.  Should  boat  collision  tests  be  conducted?  If  so,  what 

types  of  tests,  should  be  conducted  and  why?  What 

parameters  should  be  monitored  if  tests  are  conducted? 

c.  Should  minimum  safety  standards  for  occupant  protection 
be  developed? 

d.  Are  collisions  likely  to  become  more  or  less  of  a  problem 
in  the  future  and  why? 
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1 .6  Results  of  Research  Into  Related  Areas 

A  literature  search  into  relevant  areas  was 

of  sources  databases,  libraries,  and  consultants. 

R^ear^h  was  specifically  conducted  in  the  following  areas: 

Boat  collision  research 
Automobile  accident  reconstruction 
Computers  and  computer  simulation 
Computer  aided  accident  reconstruction 

CompoIitfBaS?lals?’'impact  testing  and  damage  resistance 

Aircraft  accident  investigations 

The  primary  research  performed  i". /he  collision  area  was 
conducted  by  wyle  Laboratories  “cat  causes  of 

^oiident^s*^''''The“wyle\Sports  contained  valuable  information  with 

po^bTe^^fflots  Of  environmental  stressors  on  human 

response  and  a  variety  of  human  and  their 

;"oSSI!at  L°n?iib:tfoL  to  certain  ac  iaent^t^^^^^^^^^^  Excellent 

Te^rrifaiSirn^rntLSS^t^^^^^^^ 

research  projects  are  listed  below. 

1.  Recreational  Boat  Safety  Collision  Rfeearch :  Phase 
II,  Report  No.  CG-D-128-76,  R.  Maoneill,  S.  Cohen, 

Wyle  Laboratories,  1976. 

7  Pleasure  Boat  Collision  Education:  Final  Report  / 
“JpSSd  for  the  USCG,  OHice_  of  Research  and 
Development,  Report  No.  CG-D-51-78,  Wyl 
Laboratories,  May  1978. 

3.  collision  Accident  investigations  For  I”?  Season, 
Final  Report,  Report  No.  CG-D-61-78,  J.J.  Davis 
and  Associates,  April  1978. 

4,  Recreational  Boat  Safety  Collision  Research,  Ph^^e 
I  Volume  l:  Problems  Definition,  Report  No.  CG-D 
^1-75?  R.  Macneill,  et  al,  Wyle  Laboratories, 

September  1975. 

R  Recreational  Boat  Safety  Collision  Research: 

collision  Accident  Investigations  July 
Report  No.  CG-D-40-77,  Wyle  Laboratories,  January 

1977. 

6.  Boat  Accident  Investigation  Seminar  Proceedings, 

Final  Report,  Report  No.  CG-D-145  75,  Wyle 
Laboratories,  July  1975. 
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CHAPTER  2 


ARE  COLLISION  ACCIDENTS  SIGNIFICANT? 

Part  1  -  Accident  Trends  Based  on  Fatalities 
Part  2  -  Accident  Trends  Based  on  Other  Data 

Part  1 


2.0  introduction 


In  this  section  we  are  going  to  evaluate  just  how  important 
collision  accidents  are  in  the  broad  overall  area  of  boating 
accidents,  especially  when  compared  to  the  number  of  accidents  of 
other  major  accident  types.  We  are  going  to  try  to  answer  many  of 
the  questions  under  Goal  No.  1  in  Chapter  1. 


2.1  The  USCG  Annual  Statistics 

Each  year,  the  United  States  Coast  Guard  publishes  a  report 
"titled  "Boating  Statistics,"  which  summarizes  accidents  involving 
recreational  boats.  The  USCG  estimates  that  they  receive  reports 
of  only  10%  of  all  non-fatal  accidents.  However,  they  estimate 
that  they  receive  reports  of  nearly  all  fatal  accidents.  For  the 
purposes  of  our  investigation,  we  will  analyze  the  statistics  for 
the  twenty  year  period  from  1970-1989. 

A  primary  source  of  these  statistics  is  from  Boating  Accident 
Reports  submitted  by  individuals  involved  in  an  accident.  While  the 
submission  of  the  report  is  required  by  law  for  reportable 
accidents,  many  operators  are  still  unaware  of  the  requirements  for 
reporting  boating  accidents,  or  fail  to  report  accidents  for  other 
reasons.  As  a  result,  it  is  difficult  to  obtain  an  accurate 
assessment  of  the  boating  accident  situation  from  the  USCG 
statistics.  The  statistics  are  however,  the  best  information 
currently  available  on  recreational  boating  accidents  in  the  U.S. 
Based  on  the  assumption  that  the  USCG  receives  reports  of  nearly 
all  of  the  accidents  involving  fatalities,  the  use  of  statistics 
concerning  fatalities  can  be  used  to  investigate  the  relative 
significance  of  various  accident  types.  The  use  of  statistics 
concerning  non— fatal  accidents  can  be  considered  to  show 
interesting  trends  and  general  information;  however,  the  results 
must  be  viewed  with  guarded  caution  as  to  their  real  accuracy. 

In  this  section,  we  will  first  look  at  the  significance  of 
collisions  primarily  based  on  fatalities,  since  the  USCG  feels  that 
nearly  all  fatalities  are  reported.  This  should  provide  the  most 
accurate  information  available.  Numbers  of  fatalities  however,  do 
not  tell  the  entire  story  of  accident  trends.  Therefore,  we  will 
also  analyze  the  statistics  using  other  criteria  besides  number  of 
fatalities. 
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jt  is  important  to  remember  what  constitutes  a 
boating  accident.  The  following  statement  is  taken 
Introduction  to  the  USCG  Boating  Statistics,  1989. 


reportable 
from  the 


"Current  regulations  (33 
of  any  vessel  that  is 
purposes  file  a  report 
accident  that  results  in: 


CFR  173-4)  require  that  the  operator 
numbered  or  used  for  recreational 
if  the  vessel  is  involved  in  an 


2!  Personal  injury  which  required  medical  treatment  beyond 
first  aid;  or 

3.  Damage  to  the  vessel  and  other  property  exceeding 
$500.00;  or 

4.  Complete  loss  of  the  vessel." 

The  USCG  classifies  collision  accidents  into  three  categories. 
The  categories  are  collision  with  another  vessel,  collision  with  a 
fixed  object,  and  collision  with  a  floating  object.  ^ 

purposes  of  determining  the  overall  significance  of  collision 
Lcidents  when  compared  to  other  accident  types  the  sum  total  of 
each  of  the  three  collision  accident  types  have  been  added  together 
and  referred  to  simply  as  collision  accidents  or 

order  to  determine  the  significance  of  collision  accidents  as  a 
whole,  the  statistics  on  collisions  have  been  compared  to  other 
major  accident  types.  The  two  categories  of  accidents  which 
generally  account  for  the  greatest  number  of  fatalities  each  year 
are  capsizing  and  falls  overboard. 


2.2  Decreasing  Fatality  Rates 

In  order  to  understand  how  collision  accidents  fit  into  the 
boating  accident  puzzle,  it  is  necessary  to  spend  some  time 
analyzing  the  USCG  statistics  as  a  whole.  Each  year  the  USCG 
calculates  the  fatality  rate  per  100,000  boats  based  on  the 
of  fatalities  and  the  number  of  estimated  boats  in  the  United 
States.  Except  for  1985,  this  fatality  rate  has  declined  each  year 
since  1973,  in  spite  of  the  increase  in  the  number  of  boats.  in 
1989,  only  896  fatalities  were  recorded  in  all  of  recreational 
boating  in  the  U.S.  With  such  low  fatality  rates,  one  may  wonder 
why  even  bother  with  studying  accidents  at  all  anymore.  Some  would 
ask  the  question,  "Is  it  not  obvious  that  boats  are  getting  safer 
since  the  fatality  rate  is  decreasing?"  The  answer  to  that 

question  is  extremely  complex,  but  we  believe  we  have  some  answers. 


2.3  How  Many  Boats  Are  There  Anyway? 

The  number  of  boats  in  the  U.S.  is  indeed  difficult  to 
determine.  It  is  a  safe  bet  that  no  one  knows  exactly.  Each 
the  USCG  lists  the  "numbered"  boats  in  the  U.S.  as  reported  by  each 

state . 
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The  number  of  boats  that  the  USCG  estimates  are  in  the  U.S.  is 
significantly  greater  than  the  numbered  boats.  Let  it 
suffice  to  say  that  there  are  reasons  for  the  greater  number  of 
estimated  boats  than  numbered  boats,  but  note  that  the  fatality 
rate  is  based  on  the  estimated  number  of  boats.  Figure  2-1  shows 
the  number^  of^  estimated  and  numbered  boats  for  each  year  since 
1970.  It  is  interesting  to  note  that  the  difference  between  the 
numbered  and  estimated  boats  grows  increasingly  wider  each  year. 
Figure  2-2  shows  the  fatality  rate  based  on  both  the  numbered  and 
estimated  number  of  boats.  Since  the  numbered  boats  are  less  than 
the  estimated  boats,  the  fatality  rate  per  100,000  boats  is  higher 
based  on  that  figure.  The  real  fatality  rate  may  lie  somewhere  in 
between. 

Regardless  of  the  exact  number  of  boats  in  the  U.S.  today,  it 
is  fairly  certain  that  the  number  of  boats  has  been  increasing 
steadily  for  a  long  time.  It  is  only  natural  to  wonder  how  the 
accident  rates  for  various  accident  types  have  been  changing  as  a 
result  of  increasing  numbers  of  boats  on  the  nation's  waters. 


2.4  Fatalities  for  Various  Accident  Types 

Since  there  is  no  way  to  be  certain  as  to  the  numJper  of  boats 
in  the  U.S.,  fatality  rate  is  perhaps  not  as  important  as  the  total 
number  of  fatalities  each  year.  The  total  number  of  fatalities  has 
generally  declined  over  the  last  20  years.  Since  the  number  of 
fatalities  has  been  basically  declining  overall,  the  question 
arises  as  to  whether  fatalities  in  each  category  of  accident  (falls 
overboard,  capsizing,  etc)  have  also  decreased.  In  order  to  gain 
some  perspective  on  trends  in  collision  accident  rates  with  regard 
to  other  accident  types,  statistics  for  the  other  two  major  killer 
categories  have  also  been  analyzed.  The  category  with  the  most 
fatalities  has  consistently  been  capsizings,  followed  by  falls 
overboard,  and  then  by  collisions  (with  all  three  collision 
categories  added  together) .  Figure  2-3  plots  the  number  of 
fatalities  over  the  period  studied  for  capsizings,  falls  overboard, 
and  collisions. 

The  graphs  in  Figure  2-3  clearly  illustrates  the  trends  for 
the  three  main  accident  categories  over  the  last  20  years.  The 
number  of  fatalities  due  to  capsizing  has  decreased  dramatically. 
The  number  of  fatalities  due  to  falls  overboard  has  generally 
decreased  oyer  the  years,  but  not  as  dramatically  as  fatalities 
from  capsizings.  The  number  of  fatalities  from  collision  accidents 
has  remained  remarkably  stable  at  around  180-200  each  year.  The 
significant  item  to  note  here  is  that  while  the  number  of 
fatalities  from  the  other  categories  is  decreasing,  the  number  of 
fatalities  from  collisions  has  not  significantly  decreased  at  all. 

Since  we  have  looked  at  fatalities  from  only  three  accident 
types,  one  may  wonder  where  the  other  accident  categories  would  fit 
into  the  diagram.  What  other  accident  types  are  there?  Figure  2-4 
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answers  this 
Statistics.  It 


question  and  is  taken  from  the  1989  Boating 
lists  the  accident  types  as  well  as  the  vessels  and 


fatalities  for  each  category  for  1989. 


Capsizings,  falls  overboard,  and  collisions  are  the  three 
categories  with  the  most  fatalities.  If  we  took  the  total  number 
of  fatalities  from  the  remaining  accident  categories  and  compared 
them  to  the  big  three,  we  could  see  the  relative  importance  of  the 
two  groups  of  accidents.  This  is  exactly  what  Figure  2-5  shows  us 
with  the  total  of  the  other  accidents  labeled  "All  Others.  This 
graph  is  exactly  like  Figure  2-3  except  that  the  total  number  of 
fatalities  from  all  other  accidents  is  now  included.  We  can  see 
that  about  the  same  number  of  fatalities  have  been  occurring  due  to 
"All  Others"  as  for  falls  overboard.  Perhaps  a  clearer 
illustration  of  this  same  information  is  found  in  Figure  2-6  which 
shows  that  collisions,  falls  overboard,  and  capsizings  have 
accounted  for  about  75%  of  all  fatalities  for  the  period  studied. 
Conversely,  all  the  other  accident  categories  combined  account  only 
for  about  25%  of  the  fatalities.  It  is  especially  interesting  to 
note  that  there  is  little  deviation  from  the  75%  figure  for  the 
last  20  years.  Table  2-1  provides  a  summary  of  data  that  shows  the 
percentage  of  fatalities  each  year  which  were  caused  by  collision 
accidents.  The  table  shows  that  even  in  the  worst  year  between 
1970  and  1989  that  collisions  only  accounted  for  17.7%  of  the  total 
fatalities. 


2.5  Good  News  and  Bad  News 

The  good  news  that  comes  from  this  analysis  is  obviously  that 
in  spite  of  increasing  numbers  of  boats,  the  total  number  of 
fatalities  has  been  generally  decreasing.  It  is  important  to  look 
briefly  at  the  trends  for  each  accident  type  in  order  to  gain  some 
insight  into  future  accident  trends.  Figure  2-7  is  an  area  graph 
which  shows  the  number  of  fatalities  for  the  three  major 
categories,  and  "All  Others."  The  totals  for  each  group  here  are 
additive,  so  the  top  line  represents  the  total  number  of  fatalities 
for  each  year.  This  figure  shows  how  slight  decreases  in  each  of 
the  accident  types  can  result  in  a  much  more  significant  decrease 
in  the  total. 

The  bad  news  is  that  Figure  2-7  also  shows  that  the  number  of 
fatalities  from  collisions  has  not  decreased  at  all.  Based  on 
these  figures,  what  can  be  said  about  future  accident  trends? 

We  cannot  really  answer  that  question  yet  because  we  do  not 
have  the  whole  story.  The  accident  trends  based  on  fatalities  may 
be  the  most  accurate  of  the  USCG  statistics,  but  they  paint  what 
may  be  a  totally  unrealistic  picture  of  optimism  about  the  future. 
In  order  to  gain  a  better  understanding  of  the  accident  trends 
overall,  we  need  to  consider  other  data  available. 
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Part  2  -  Accident  Trends  Based  On  Other  Data 


2.6  Introduction 

In  Part  1  of  this  chapter  we  analyzed  the  data  on  accident 
trends  based  on  the  number  of  fatalities.  Now  we  want  to  look  at 
accident  rates  based  on  other  information  available.  This 
information  includes  number  of  accidents,  and  number  of  vessels 
involved.  Hopefully  we  can  obtain  a  more  balanced  picture  by 
considering  all  of  the  data  available. 


2.7  Analysis  Based  on  Number  of  Accidents 

It  only  seems  logical  that  as  the  number  of  boats  increases 
that  the  number  of  accidents  and  fatalities  would  increase  as  well. 
However,  in  Part  1,  we  saw  that  the  number  of  fatalities  has 
definitely  been  decreasing.  But  what  about  the  number  of 
accidents?  If  we  plot  the  number  of  accidents  for  each  accident 
type,  we  see  that  logic  once  again  fails  us.  Figure  2-8  shows  the 
number  of  accidents  for  the  three  major  accident  types.  The  number 
of  accidents  for  falls  overboard  has  stayed  about  the  same.  The 
trend  for  the  number  of  accidents  involving  caps i zings  has  been 
flat,  with  perhaps  a  slight  decrease  over  the  period.  This 
is  not  exactly  what  one  may  have  expected.  However,  the  number  of 
reported  collision  accidents  has  increased  dramatically.  In  fact  it 
has  approximately  doubled  since  1970. 

Once  again,  we  may  wonder  where  all  the  other  accident  types 
fit  in.  Figure  2-9  shows  the  three  major  accident  types  with  "All 
Others”  added  to  the  graph.  Remember  that  "All  Others"  represents 
the  sum  of  all  accidents  other  than  capsizings,  falls  overboard, 
and  the  three  collision  categories.  We  see  from  Figure  2-9  that 
there  has  been  a  general  increase  in  these  categories  as  a  whole 
since  1970. 

In  terms  of  number  of  accidents,  capsizes  and  falls  overboard 
account  for  only  a  small  portion  of  the  total  number  of  accidents 
reported  each  year,  while  collisions  account  for  the  largest 
percentage.  Figure  2-10  shows  the  relative  percentage  for  which 
each  accident  type  accounts.  From  this  graph,  it  is  obvious  that 
falls  overboard  and  capsizing  are  a  small  percentage  of  the  total 
number  of  accidents.  Figure  2-11  plots  the  actual  percentage  of 
each  accident  type  in  terms  of  number  of  accidents.  Here  it  can  be 
seen  that  falls  overboard  has  consistently  accounted  for  about 
eight  to  ten  percent  of  the  number  of  accidents,  while  capsizing 
has  declined  from  around  15  to  16%  in  1970  to  less  than  10  percent 
in  1989.  The  "All  Others”  category  has  remained  at  32  to  35%.  The 
dramatic  difference  has  been  that  collision  accidents  have 
increased  from  about  42%  to  about  52%  for  the  last  few  years 
plotted. 
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2.8  Analysis  Based  on  Number  of  Vessels 

Let's  take  a  brief  look  at  the  number  of  vessels  involved  in 
accidents.  For  this  section,  we  will  look 

involved  in  collision  accidents.  A  comparison  of  the  number  of 
vessels  involved  with  falls  overboard  and  capsizings  was  done  and 
yielded  results  very  similar  to  graphs  already  discussed  for  numbe 
of  accidents.  This  is  because  you  can  generally  count  on  one  boat 
involved  per  accident  for  falls  overboard  and  capsizing. 

The  total  number  of  vessels  involved  in  collision  accidents 
each  year  is  quite  staggering.  The  graphs  in  Figure  2-12  show  the 
total  number  of  vessels  involved  each  year  in  all  accidents  and  the 
number  of  vessels  involved  in  collision  accidents.  Two  things  are 
evident  from  this  graph.  One  is  that  the 

involved  in  collisions  is  almost  directly  proportional  to  the  total 
vessels  involved  in  all  accidents.  The  second  is  that  collisions 
account  for  over  half  of  the  vessels  involved  in  an  accident. 
Figure  2-13  shows  just  how  much  of  the  accident  total  in  terms  o 
number  of  vessels  is  due  to  collision  accidents.  In  1970, 
approximately  53%  of  the  vessels  involved  in  an  accident  were  in  a 
collision  accident.  By  1988,  the  number  had  increased  to  65<s. 

There  are  two  general  conclusions  that  are  indicated  by 
analyzing  the  number  of  vessels  involved  in  accidents.  The 
is  that  the  number  of  vessels  that  are  involved  in  accidents  each 
year  has  generally  increased,  as  has  the  number  of  boats.  The 
second  is  that  the  percentage  of  vessels  involved  in  collision 
accidents  has  increased.  The  latter  is  primarily  because  the 
number  of  accidents  for  falls  overboard  and  capsizings  has 
decreased.  We  must  also  remember  to  be  cautious  when  studying 
statistics  not  related  to  fatalities  derived  from  the  USCG,  as 
their  true  accuracy  is  unknown. 


2.9  Accidents  as  a  Function  of  an  Increasing  Boat  Population 

Thus  far  we  have  looked  at  accident  statistics  each  year  based 
on  number  of  fatalities,  number  of  vessels,  and  number  of  accidents 
for  each  accident  type.  We  would  like  to  know  what  to  expect  in 
the  future  concerning  the  major  accident  types.  One  way  to  get  a 
handle  on  this  question  is  to  look  at  statistics  in  terms  of 
numbers  of  boats.  Figure  2-14  shows  a  plot  of  the  number  of 
vessels  involved  in  accidents  versus  the  estimated  number  of  boats. 
In  1988  the  number  of  vessels  involved  in  accidents  was  about 
9000.  If  the  USCG  is  correct  in  that  they  only  receive  reports  of 
10%  of  non-fatal  accidents,  then  as  many  as  90,000  vessels  may  have 
been  in  an  accident  in  1988.  This  translates  into  an  accident  rate 
of  500  accidents  per  100,000  boats  (based  on  an  estimated 
18  million  boats).  The  fatality  rate  for  1988  was  published  as  5.1 
fatalities  per  100,000  boats.  The  implication  of  these  figures  is 
that  the  accident  rate  and  possibly  the  injury  rate  is  100  times 
greater  than  the  published  fatality  rate. 
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The  only  figures  we  can  use  with  any  certainty  are  those 
involving  fatalities*  Twenty  years  ago,  probably  no  one  would  have 
predicted  that  the  total  number  of  annual  fatalities  would  decrease 
like  it  has,  especially  when  considering  the  dramatic  increase  in 
the  number  of  boats.  Figure  2-15  shows  how  the  number  of 
fatalities  has  changed  as  the  boat  population  has  increased.  The 
top  line  on  the  graph  illustrates  the  dramatic  decrease  in  deaths 
in  spite  of  the  increasing  number  of  boats.  The  second  line 
represents  a  significant  decrease  in  deaths  due  to  capsizing.  The 
number  of  deaths  due  to  falls  overboard  and  collisions  has  remained 
constant  when  viewed  as  a  function  of  the  number  of  boats. 

It  is  of  course  difficult  to  predict  what  the  future  holds. 
Figure  2-16  may  be  the  best  indicator  of  future  trends.  This 
figure  shows  the  role  that  each  accident  type  plays  in  the  total 
number  of  fatalities.  Deaths  due  to  capsizing  have  accounted  for 
about  35%  of  the  fatalities  since  1982.  Deaths  from  falls 
overboard  and  all  others  remained  fairly  consistent  and  have 
accounted  for  about  25%  each  of  the  total.  Collisions  in  1970  only 
accounted  for  10%  of  the  fatalities,  and  have  accounted  for  as  much 
as  18%  in  recent  years. 

Of  special  significance  to  this  investigation  is  that 
collision  accidents  are  likely  to  account  for  a  greater  percentage 
of  the  deaths  each  year  for  as  long  as  the  boat  population 
increases.  This  would  not  necessarily  be  bad  news  if  the  only 
reason  was  the  decreasing  number  of  deaths  from  other  accident 
types.  However,  the  number  of  collision  accidents,  and  the  number 
of  deaths,  may  begin  to  increase  as  the  waterways  become  more 
crowded . 


2.10  Analysis 

The  number  of  accidents  and  fatalities  due  to  capsizings  has 
possibly  decreased  because  of  legislation  requiring  proper 
flotation  in  boats  and  boater  education.  Boater  education  and 
regulations  requiring  the  availability  of  PFDs  on  board  vessels  may 
also  have  contributed  to  the  continued  decline  in  accidents  and 
fatalities  from  falls  overboard.  Boating  accidents  in  general  may 
decrease  during  times  of  economic  stress,  since  boating  can  be  a 
significant  a  recreational  expense. 

But  what  about  collisions?  What  actions  have  been  taken  to 
account  for  the  fact  that  the  number  of  fatalities  has  not 
increased?  More  and  more  states*  have  enacted  speed  limit  laws  and 
placed  increased  emphasis  on  boater  education.  This  has  probably 
had  a  tremendous  effect  on  holding  down  the  number  of  fatalities. 
Also,  many  states  have  enacted  legislation  to  remove  the  drunk 
boater  from  the  waterways.  This  has  no  doubt  had  an  impact.  To 
date  however,  there  have  been  no  regulations  that  affect  the  degree 
of  occupant  protection  that  a  boat  must  provide.  Even  so,  many 
boat  manufacturers  have  begun  voluntarily  to  consider  occupant 
protection  issues  in  the  design  and  construction  of  their  boats. 
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It  is  unfortunate  that  additional  data  is  not  available  on  the 
number  of  collision  accidents.  It  is  unlikely  that  the  USCG 
statistics,  which  show  an  increase  in  the  number  of  collision 
accidents,  would  be  proven  incorrect. 


Perhaps  the  most  unique  characteristic  about  collision 
accidents  is  that,  as  waterways  become  more  congested,  this 
category  of  accidents  may  be  the  toughest  to  keep  under  control. 
While  many  other  accident  types  can  be  battled  with  boater 
education  and  new  legislation,  collision  accidents  will  probably 
not  be  dealt  with  so  easily.  The  likelihood  of  a  particular  boat 
being  involved  in  a  collision  accident  is,  to  a  large  extent, 
proportional  to  the  congestion  of  the  water  on  which  that  boat  is 
used.  No  other  accident  type  has  this  unique  characteristic.  The 
implication  is  that  as  the  boating  population  increases,  the  number 
of  collision  accidents  will  too. 


Collisions  will  also  be  hard  to  deal  with  because  they  are 
accidents  of  chance.  As  far  as  we  can  tell  relatively  few  collision 
accidents  are  directly  caused  by  mechanical  failure.  They  will 
typically  involve  some  element  of  human  error.  A  split  second 
decision  will  often  decide  between  life  and  death.  No  amount  of 
boater  education,  improvements  in  boat  construction,  or  changes  in 
legislation  will  eliminate  all  collision  accidents.  The  real 
question  of  the  future  is,  "Will  anyone  take  action  to  minimize  the 
number  of  collision  accidents  and  the  resulting  injuries  and 
fatalities  which  will  occur  each  year?" 


2.1 1  Conclusions  -  What  About  the  Future? 

Based  on  the  information  in  this  chapter,  we  can  make  the 
following  statements  about  future  accidents  trends  concerning 
collision  accidents  as  a  whole: 

a.  The  number  of  collision  accidents  will  probably  continue 
to  increase  in  direct  proportion  to  the  number  of  boats. 
The  number  of  fatalities  due  to  collisions  will  start  to 
increase  unless  specific  efforts  are  continued  which  work 
against  the  effects  of  increasing  congestion  of  the 
waterways . 

b.  The  number  of  fatalities  from  capsizings  and  falls 
overboard  will  not  continue  to  decline  indefinitely.  At 
some  point,  the  number  of  accidents  and  number  of 
fatalities  associated  therewith  is  likely  to  stabilize  or 
increase  again. 

c.  capsizings,  falls  overboard,  and  collisions  combined  will 
probably  continue  to  account  for  about  75%  of  the 
fatalities  on  the  nation's  waterways,  with  an  increasing 
percentage  being  attributed  to  collisions. 
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Collision  Fatality  Summary  Data 


Total 

Year 

Fatalities 

70 

1418 

71 

1582 

72 

1437 

73 

1784 

74 

1446 

75 

1466 

76 

1264 

77 

1312 

78 

1321 

79 

1400 

80 

1360 

81 

1208 

82 

1178 

83 

1241 

84 

1063 

85 

1116 

86 

1066 

87 

1033 

88 

946 

89 

896 

Summary : 

Total: 

25537 

Average : 

1277 

Notes: 


Total 

Collision 

Collisions 

Fatalities 

Fatalities 

%  of  Total 

142 

10.0% 

164 

10.4% 

156 

10.9% 

153 

8.6% 

143 

9.9% 

158 

10.8% 

151 

11.9% 

177 

13.5% 

187 

14.2% 

218 

15.6% 

184 

13.5% 

149 

12.3% 

179 

15.2% 

207 

16.7% 

161 

15.1% 

199 

17.8% 

173 

16.2% 

155 

15.0% 

167 

17.7% 

128 

14.3% 

3351 

168 

13.5% 

Total  Fatalities  =  Total  number  of  fatalities  for  all  accidents 
Collisions  Total  =  Total  number  of  fatalities  for  collision  accidents 

only 

Collisions  %  of  Total  =  The  percentage  of  fatalities  that  were  caused 

by  a  collision  type  accident 

For  Summary  Data:  Total  is  the  total  for  the  20  year  period 

Average  is  the  average  number  for  each  year 


Table  2-1 


EstiiTiated  and  Numbered  Boats 


l-Z  ajnBu 


SUOjIllAj  Uj  ’Ofxj 


TYPES  OF  BOATING  ACCIDENTS  1989 


VESSELS 

INVOLVED 

FATAUHES 

TOTALS 

896  1 

Grounding 

386 

13 

Ccpsteing 

5?6 

330 

Swomping/Floodlng 

228 

70 

Stnkbig 

"  31  " 

Rre/Explosion  (fuel) 

303 

7 

Fird/E}^3tea^on  (dth^) ' 

'60- 

6 

Collision  with  another  vessel 

3,995 

60  i 

Coupon  with  fixedabj^l 

797 

60  ! 

Collision  with  floating  object 

296 

8  ! 

FoteoveAioarct 

428 

;  217 

Falls  within  boot . . 

119 

0 

StrucdcbyiXKatc^pfopB^  i .  X 

:L.-.  -6 

Other 

517 

47 

Uhkfiowh 

'isi 

r  =  41'  >, 

Typeof  accident  refers  only  to  the  first  event  that  occurred.  Some  accidents  Involve  more  than  or>e  event 
(e.Q..agroundlngfollowedbyaslnklngls  Included  hereonlyosagroundlng  even  though  the  sinking  may 
have  led  directly  to  a  drowning  fotoltty). 


We  estimate  that  we  receive  reports  for  approximately  10  percent  of  aH  rK>n-fatal  accidents. 


Figure  2-4 


Y  Accident  T37pe 

Capsizes,  All  Others 


No.  Of  Fatalities  by  Accident 

Fl^m^Rsed  in  Percent  of  Total 


Fatalities  By  Accident  T37f.»e 

Colls,  Falls  Ov,  Capsizes,  All  Otliei^s 
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Year 


Of  Accidents  by  Accident  T37j>e 

Collisions,  Capsizes,  Falls  Ovboarcl 


Vessels  Involved  In  Collisions 

1970  -  1989 


sess0/\  jO 


Year 


Fatalities  Vs.  Estimated  No.  Boats 


g  i-z  0jn6u 


Of  Fatalities  by  Accident  T,yj3e 

Expressed  in  Percent  of  Total 


CHAPTER  3 


DETAILED  STUDY  OF  COLLISION  TYPE  ACCIDENTS 


PART  1  -  Collision  Accidents  Trends  Based  on  Fatalities 
PART  2  -  Collision  Accidents  Based  on  Other  Data 

PART  1 


3.1  Introduction 

In  the  last  chapter,  we  examined  the  significance  of  collision 
accidents  overall  when  compared  to  other  types  of  accidents.  Now 
we  want  to  look  at  collision  accidents  in  more  detail.  Collision 
accidents  are  classified  by  the  United  States  Coast  Guard  into  one 
of  three  categories.  These  categories  are  collisions  with  another 
vessel,  collisions  with  a  fixed  object,  or  collisions  with  a 
floating  object.  By  taking  an  in  depth  look  at  the  number  of 
fatalities  in  each  category,  and  analyzing  the  trends  from  the 
period  from  1970  through  1989,  we  may  gain  some  insight  into  the 
importance  of  each  of  these  accident  types.  Once  again,  the 
statistics  for  this  chapter  are  taken  from  the  USCG  annual  boating 
statistics.^  The  primary  emphasis  for  this  chapter  will  be  on 
statistics  including  fatalities,  since  these  numbers  are  probably 
the^  most  accurate.  However,  we  will  briefly  look  at  other 
available  data  on  numbers  of  accidents  to  obtain  a  broader 
perspective  on  the  collision  problem.  The  reliability  of  the 
statistics  on  numbers  of  accidents  is  however  unknown,  and  any 
conclusions  based  on  the  statistics  other  than  those  involving 
fatalities  must  be  viewed  cautiously.  Remember  that  the  USCG 
estimates  that  they  receive  reports  of  only  about  10%  of  non— fatal 
accidents. 


3.2  Which  Collision  Accident  Type  Is  The  Most  Deadly? 

The  answer  to  this  question  is  not  as  simple  as  one  might 
think.  Figure  3-1  shows  the  number  of  fatalities  for  each  type  of 
collision  accident  for  the  last  twenty  years.  The  shaded  areas 
represent  the  number  of  fatalities  for  each  accident  type.  The 
categories  are  additive  here,  so  the  top  line  represents  the  total 
number  of  collision  fatalities.  Two  conclusions  become  readily 
apparent  from  this  graph.  First,  the  number  of  fatalities  due  to 
collisions  with  another  vessel  is  about  the  same  as  collisions  with 
a  fixed  object.  Second,  collisions  with  floating  objects  do  not 
contribute  nearly  as  many  fatalities  as  the  other  two  collision 
accident  types. 

Exactly  how  many  fatalities  are  contributed  by  each  accident 
type?  Part  of  the  answer  is  found  in  Figure  3-2.  This  graph  plots 
the  number  of  fatalities  for  each  accident  type.  For  the  time 
period  analyzed,  the  data  is  too  scattered  to  identify  any  dramatic 
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trends  for  the  two  major  categories.  The  trends 

category  do  not  appear  to  be  consistent  with  any  of  the  other 
categories.  During  some  years  when  the  fatalities  for  collisions 
with  fixed  objects  increased,  fatalities 

another  vessel  decreased.  It  does  appear  that  the  number 
fatalities  due  to  collisions  with  floating  objects  has  generally 
been  decreasing  for  the  20  year  period  studied.  A  summary  of 
specific  figures  regarding  number  of  fatalities  for  each  colli 
accident  type  are  provided  in  Table  3-1. 

The  specific  differences  between  the  two  accident  types  are 
better  seen  in  Table  3.1.  This  table  deals  only  with  the  three 
collision  type  accidents.  The  purpose  of  the  table  is  to  telp 
get  a  better  grasp  on  the  number  of  fatalities  caused  by  each 
accident  type.  Since  the  graphs  in  Figure  3-1  and  3-2  show  that 
the  number  of  fatalities  for  both  collisions  with  another  vessel 
and  collisions  with  a  fixed  object  are  fairly  close,  it  is 
necessary  to  compare  the  numbers  of  fatalities  for  these  categories 
in  a  tabular  form  to  really  answer  the  question  of  which  category 
has  claimed  the  most  lives.  Table  3-1  shows  the  total  number  of 
fatalities  for  each  year  and  the  percentage  of  the  total  collision 
fatalities  for  each  category. 

The  summary  data  at  the  bottom  of  the  table  provides 
cumulative  totals  for  the  2  0  year  period  and  averages  for  each 
year.  Note  that  collisions  with  a  fixed  object  have  resulted  in 
the  deaths  of  over  100  people  more  than  collisions  with  another 
vessel.  It  is  also  interesting  to  note  that  for  11  out  of  2  0  years, 
collisions  with  a  fixed  object  has  resulted  in  more  fatalities  than 
collisions  with  another  vessel.  For  the  remaining  nine  years,  the 
opposite  has  been  true,  except  for  1989  when  the  number  of 
fatalities  for  the  two  categories  was  the  same  at  60.  The  average 
percentages  for  1970  thru  1989  for  each  accident  type  show  that 
45.9%  of  the  deaths  from  a  collision  type  accident  resulted  from  a 
collision  with  a  fixed  object,  while  42.5%  of  the  collision 
fatalities  were  from  collisions  with  another  vessel.  Co^llisions 
with  a  floating  object  accounted  for  an  average  of  ll.e-s  of  the 
collision  fatalities  for  the  20  year  period.  It  is  important  to 
remember  that  the  percentages  given  are  in  terms  of 
fatalities  for  collision  accidents  only,  not  fatalities  for  all  of 
recreational  boating.  Remember  from  Chapter  2  that  all  three 
collision  accident  categories  combined  only  accounted  for  ll.l-s  oi 
the  total  number  of  boating  fatalities  for  the  last  twenty  years. 


3.3  Collision  Fatalities-  In  Percentages  by  Accident  Type 

To  continue  to  gain  a  better  understanding  of  how  each 
collision  accident  type  contributes  to  the  collision  problem  as  a 
whole,  it  is  useful  to  look  in  more  detail  at  the  percentage  of 
fatalities  caused  by  each  accident  type.  Figure  3-3  shows  the 
percentage  for  each  collision  accident  type  for  the  period  studied. 
This  graph  is  a  fairly  clear  representation  of  the  average 
percentages  calculated  in  Table  3-1.  In  other  words,  it  is  more 
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representing  the  fatalities  from 
1  ”  fixed  objects  is  above  the  collision  with  another 

.  most  of  the  graph.  This  is  consistent  with  earlier 

data  which  showed  that  collisions  with  fixed  objects  claimed  the 
highest  number  of  fatalities. 


3.4  Analysis  of  Fatality  Data 


4.V  worthwhile  to  stop  for  a  moment  and  think  about  what 
these  numbers  mean.  Great  attention  has  been  given  to  collision 
accidents  in  general  in  the  last  few  years  and  almost  all  of  that 
attention  solely  to  collisions  with  another  vessel.  From  the 
fatality  data  it  can  be  safely  concluded  that  with  regard  to 
fatalities,  collisions  with  fixed  objects  are  an  equally  serious 
problem.  However,  before  we  offer  a  complete  analysis  of  the  data 
concerning  the  collision  type  accidents,  we  want  to  consider  the 
other  available  data  on  collisions. 
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PART  2  -  COLLISION  ACCIDENT  TRENDS  BASED  ON  OTHER  DATA 


3.5  Introduction 

Part  1  of  this  chapter  concentrated  on  analysis  of  statistics 
based  on  fatalities.  Fatality  data  is  the  most 

of  value  to  look  at  the  other  data  available  as  well.  While  the 
numbers  we  will  study  in  this  part  may  not  be  a  true  indication  of 
the  number  of  accidents  occurring  in  the 

indication  of  the  relative  frequency  of  each  accident  type. 

3.6  Number  of  Accidents 

The  USCG  statistics  concerning  the  number  of  accidents  provide 
an  interesting  story  of  the  relative  frequency  of  the  various 
collision  accident  types.  The  graphs  an  ^J-gures  3-4  3-5 

illustrate  the  numbers  of  accidents  reported  to  ^he  USCG  for  each 
roilision  accident  type.  Figure  3-4  shows  that  for  the  entire 
period  studied,  most  of  the  collision  accidents  reported  have  been 
cSusilnfwlth  another  vessel.  It  also  shows  that  the  number  of 
accidents  reported  to  the  USCG  has  generally  increased  since  1970. 
The  specific  numbers  of  each  accident  type  are  shown  in  F.^^ure  3  5. 
Note  \hat  the  numbers  of  accidents  in  collisions 
vessel  have  risen  fairly  sharply,  while  the  other  accident  type 
increased  until  about  1977,  and  then  appear  to  have  leveled  off 
somewhat.  Figure  3-6  and  3-7  illustrate  that  approximately  60  to 
70%  of  the  collision  accidents  are  collisions  with  another  vessel. 


3.7  Number  of  Vessels  Involved 

collision  accidents  are  unique  in  that  the  number  of  accidents 
is  nowhere  near  the  same  as  the  number  of  vessels  involved.  While 
there  are  occasions  where  another  accident  type  will 
than  one  vessel,  such  as  a  fire  or  explosion,  it  is  not  the  normal 
occurrence.  However,  collision  with  another  vessel  is  an  J^cident 
type  that  automatically  involves  at  least  two  vessels.  For  that 
reason  it  is  valuable  to  look  at  the  number  of  vessels  involved  in 
collisions  to  understand  the  relative  severity  of 
type.  Figures  3-8  and  3-9  show  the  numbers  of  vessels  involved, 
and  the  percentage  of  the  total  number  of  vessels  for  each  acciden 
type,  respectively.  These  numbers  separate  the  collision  with 
another  vessel  accident  type  from  the  others  like  no  other 
statistics  will,  accounting  for  approximately  80%  of  all  vessels 
involved  in  a  collision  accident.  By  contrast,  only  around  5 -s  of 
the  vessels  are  involved  in  the  collision  with  a  floating  ob^ject, 
and  15%  in  a  collision  with  a  fixed  object. 
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3.8  Analysis 


all  another  vessel  account  for  more  than  60%  of 

veLels  in^J^lv^H  ^PP^o^i^nately  80%  of  all  the 

y?J  ni%hJ  ,  ®  1  with  fixed  objects  involve  only  about 

mamies  ^  -iu  yet  account  for  more 

floatina  ohnW  another  vessel.  Collisions  with 

are  not  a  major  contributor  to  numbers  of 
accidents  or  number  of  fatalities  when  compared  to  other  areas 

collitions^^with®^^°'^;h^^®  average  number  of  yearly  fatalities  from 
^  another  vessel  was  71,  while  it  was  77  for 

^  object.  Even  though  we  must  always  keep  in 

acririp>n^^c  statistics  involving  nonfatal 

accidents,  which  includes  the  statistics  we  have  used  for  numbers 
r  accidents  and  numbers  of  vessels  involved,  we  can  be  fairly 
certain  that  collision  with  another  vessel  is  indeed  a  much  more 
common  accident  than  collision  with  a  fixed  object.  The 
implication  of  the  statistics  is  that  a  boater  is  from  three  to 
five  times  more  likely  to  be  involved  in  a  collision  with  another 
vessel  than  a  fixed  object.  Based  on  these  statistics,  a  boater  is 
five  times  more  likely  to  be  killed  if  he  is  in  a  collision  with  a 
fixed  object  than  if  he  is  in  a  collision  with  another  vessel. 


^®^ter  data  were  available  on  boating  collision  accidents, 
1  would  provide  additional  data  to  illustrate  the  severity  of  the 
collision  problem.  Officers  who  have  attended  the  UL  Boating 
Accident  Investigation  Seminars  have  generally  felt  that  collisions 
with  another  vessel  was  their  most  common  accident.  While  not  all 
collisions  result  in  a  fatality,  it  is  felt  that  nearly  all  of  them 
result  in  some  degree  of  injury  to  the  occupants,  especially  to  the 
occupants  in  the  struck  boat. 


3.9  Collision  Accident  Types  and  Accident  Reconstruction 

There  is  little  debate  that  of  the  three  collision  accident 
collisions  with  another  vessel  bring  about  the  greatest 
^^^^^^Ities  for  the  accident  investigator.  They  are  the  most 
frequently  encountered  accident  types.  Questions  regarding  who  was 
will  arise  because  these  collisions  involve  two  operators, 
not  just  one.  Due  to  the  frequency  of  collisions  with  another 
vessel,  it  IS  important  to  learn  as  much  as  possible  about  these 
accident  types.  With  regard  to  improving  boating  safety  however, 
equal  attention  must  be  given  to  collisions  with  a  fixed  object 
since  they  account  for  approximately  the  same  number  of  fatalities. 
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Collision  Accident  Fatality  Breakdown  - 
For  Each  Collision  Accident  Type 

Total  Facilities  and  Percentage  of  Total 
(Totals)  (Percent) 


Collisions  With  Collisions  With  Collision  With  All 


Another  Vessel  Fixed 


Year 

Totals 

Percent 

Totals 

70 

55 

38.7 

62 

71 

83 

50.6 

61 

72 

64 

41.0 

55 

73 

67 

43.8 

65 

74 

53 

37.1 

73 

75 

66 

41.8 

79 

76 

66 

43.7 

63 

77 

71 

40.1 

80 

78 

69 

36.9 

105 

79 

90 

41.3 

96 

80 

69 

37.5 

90 

81 

48 

32.2 

90 

82 

70 

39.1 

91 

83 

102 

49.3 

88 

84 

70 

43.5 

61 

85 

79 

39.7 

107 

86 

86 

49.7 

79 

87 

80 

51.6 

58 

88 

76 

45.5 

78 

89 

60 

46.9 

60 

Summary: 


Object  Floating  Object  Collisions 


Percent 

Totals 

Percent 

Totals 

43.7 

25 

17.6 

142 

37.2 

20 

12.2 

164 

35.3 

37 

23.7 

156 

42.5 

21 

13.7 

153 

51.0 

17 

11.9 

143 

50.0 

13 

8.2 

158 

41.7 

22 

14.6 

151 

45.2 

26 

14.7 

177 

56.1 

13 

7.0 

187 

44.0 

32 

14.7 

218 

48.9 

25 

13.6 

184 

60.4 

11 

7.4 

149 

50.8 

18 

10.1 

179 

42.5 

17 

8.2 

207 

37.9 

30 

18.6 

161 

53.8 

13 

6.5 

199 

45.7 

8 

4.6 

173 

37.4 

17 

11.0 

155 

46.7 

13 

7.8 

167 

46.9 

8 

6.3 

128 

Total:  1424 

Average :  7 1 


1541  386  3351 

42.5%  77  45.9%  19  11.6%  168 


This  table  shows  the  total  number  of  fatalities  for  each  type  of 
collision  accident  in  the  Totals  column.  The  Percent  column  is  the 
percentage  of  fatalities  of  total  collision  fatalities  contributed  by 
each  collision  accident  type.  The  summary  data  provides  the  cumulative 
20  year  total  for  fatalities  in  each  category,  and  the  average  percent 
and  average  no.  of  fatalities  for  each  year. 
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£-£  0jn6!j 
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CHAPTER  4 


DETAILED  REVIEW  OF  ACCIDENT  REPORTS 


4.0  Introduction 

^haptejTs  2  and  3  provided  an  overall  analysis  of  accident  data 
relating  to  collisions  based  on  the  USCG  annual  boating  statistics. 
It  is  too  easy  to  lose  sight  of  the  all  important  details  of 
accidents  if  you  just  study  the  big  picture.  To  gain  a  more 
detailed  perspective  of  real  collision  accidents,  we  undertook  two 
important  efforts.  First,  we  analyzed  ten  field  accidents  first 
hand,  and  secondly,  we  analyzed  in  detail  more  than  100  accident 
reports.  The  latter  is  the  focus  of  this  chapter.  The  field 
accident  studies  will  be  discussed  in  detail  in  a  later  chapter. 

The  analysis  of  real  world  data  does  not  always  consist  of 
data  that  can  be  conveniently  plotted,  graphed,  and  tabulated. 
This  type  of  data  is  often  so  sanitized  that  the  human  element  has 
been  lost.  By  carefully  analyzing  the  details  of  many  different 
accidents,  it  was  hoped  that  certain  trends  and  patterns  would 
emerge  that  would  never  be  obvious  by  just  looking  at  numbers  or 
graphs  based  on  the  USCG  annual  statistics.  This  effort  was 
conducted  to  discover  information  that  goes  beyond  recorded 
statistics. 

While  the  USCG  annual  boating  statistics  include  information 
on  collision  accidents,  there  are  some  missing  pieces  of 
information.  The  category  of  collisions  known  as  Collisions  With 
Another  Vessel  (CWAV)  is  unique  in  that  it  always  involves  at  least 
two  vessels,  while  the  other  accident  categories  typically  only 
involve  one.  The  data  often  missing  from  the  USCG  statistics  are 
the  details  concerning  the  second  vessel  involved.  Many  states  use 
accident  report  forms  that  permit  detailed  information  to  be 
recorded  only  about  one  vessel.  Information  about  the  second 
vessel  involved  may  be  limited  to  the  operator's  name,  address,  and 
the  type  of  the  vessel.  To  obtain  detailed  information  about  the 
second  vessel,  a  second  report  form  needs  to  be  filled  out. 
Filling  out  a  second  report  form  may  require  the  investigator  to 
repeat  recorded  data,  and  does  not  seem  efficient  to  an  already 
over-burdened  investigator.  Thus,  the  second  form  is  often  not 
completed,  which  means  that  an  opportunity  to  learn  valuable 
information  about  the  accident  is  lost.  Even  when  both  forms  are 
completed,  they  must  be  identified  as  being  associated  with  the 
same  accident,  and  filed  together  to  relate  them  to  the  same 
accident.  Many  states  do  use  a  form  which  permits  details  to  be 
recorded  on  both  boats  involved  in  a  collision.  Knowing  the 
description  of  both  boats  involved  helps  considerably  in  obtaining 
a  clearer  picture  of  the  collision  scenario.  The  use  and 
development  of  a  form  which  contains  information  on  both  vessels 
would  help  to  solve  at  least  part  of  this  problem. 
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(CollISiS„s“t?hTixea  Ob'5ects) 

anxiois  to  ?ind  out  the  details  behind  these  numbers  What  are 
these  vessels  hitting,  and  why  are  th®re  so  many  fatalities  in  this 
cateaorv?  Since  the  numbers  of  accidents  in  the  CWFXO  category  is 
well^below  that  of  CWAV  one  would  have  hoped  for  a 

loiL  numLr  of  fatalities.  This  is  not  the  case,  and  we  wanted  to 
know  why. 


4.1  Scope 

This  Dortion  of  the  research  included  a  detailed  analysis  of 
all  “ret  tollitlon  accident  types,  CWAV,  CW™  |nd  CWF^-  I" 
ar^rq^-t-ion  wp  also  lookcd  at  grounding  accidents.  crounaing 
accident^  were  considered  because  we  knew  from 

research  that  some  CWFXO  accidents  were  incorrectly  coded  a 
aroundings.  The  accidents  analyzed  included  both  fatal  a 
Ln-fatal  accidents,  but  the  emphasis  was  more  on  the  former. 


4.2  Purpose 

The  researchers  made  some  basic  assumptions  concerning  the 
ultimate  purpose  for  which  the  data  gathered  would  be  used.  The 
data  were  gathered  for  these  purposes: 

1.  To  determine  what  can  be  done  to  minimize  the  number  of 
collision  accidents. 

2  To  determine  what  can  be  done  to  minimize  the  numbers  of 
injuries  and  fatalities  for  those  collision  accidents 
which  do  occur. 

The  rest  of  the  questions,  goals,  and  information  to  be 
obtained  center  around  these  two  purposes. 

We  analyzed  each  report  in  detail  to  learn  about  events  in 
each  accident  that  are  not  recorded  or  analyzed  J 

the  statistics.  This  helps  significantly  in  the  quest  to 

understand  the  problem. 

The  potential  benefits  and  uses  of  the  data  collected  from 
this  project  were  carefully  considered  before  entering  this  portion 
of  th^  research.  A  series  of  questions  was  developed  ^s  they 

related  to  each  type  of  accident.  That  is,  f IIfxo 
to  all  accidents  types  while  others  related  only  to  CWAV,  CWFXO, 
CWFLO,  or  groundings.  The  specific  questions  developed  are  listed 

below. 

For  all  accidents  reviewed: 

1.  Are  there  any  common  scenarios  or  causes? 
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2.  Are  occupants  commonly  injured  or  killed? 

If  so,  how? 

3.  Are  the  occupants  typically  thrown  out  of  the  boat  or  do 
they  remain  with  the  boat  during  a  collision? 

If  they  are  thrown  out,  is  drowning  the  cause  of  death? 
If  the  occupant  drowned,  was  a  PFD  worn? 

4.  Are  the  occupants  of  small  boats  more  likely  to  be 
injured  than  those  in  large  boats? 

5.  Do  operators  generally  take  evasive  action  ? 

6.  What  problems  exist  in  the  current  accident  recording 
process? 

7.  Does  the  vessel  generally  sink,  swamp,  or  capsize  after 
the  accident? 

8.  Was  the  accident  at  night? 

9.  How  fast  were  the  boats  traveling? 

10.  Was  alcohol  a  factor? 

11.  What  sizes  of  boats  are  commonly  involved? 

For  CWAV  (Collisions  With  Another  Vessel) ; 

12.  Do  the  small  boats  generally  run  into  larger  boats  or 
vice  versa?  In  other  words,  is  there  any  evidence  to 
support  the  theory  that  it  is  more  difficult  to  see  from 
a  large  boat,  or  that  smaller  boats  are  more  difficult  to 
spot? 

13.  What  type  of  impact  occurred?  Was  the  impact  an  over¬ 
ride,  glancing  blow,  direct  impact,  partial  impact  or 
combination  of  these? 


For  CWFXO  (Collisions  With  a  Fixed  Object)  and  CWFLO 
(Collisions  With  a  Floating  Object) : 

14.  What  was  the  object  struck? 

15.  What  type  of  an  impact  occurred? 

16.  Why  is  there  such  a  high  rate  of  fatalities  in  the  CWFXO 
and  CWFLO  categories? 

For  Groundings; 

17.  Why  did  the  vessel  run  aground? 

In  general,  the  researchers  noted  any  problems  with  the  data, 
such  as  lack  of  complete  reports,  and  obviously  erroneous 
information. 


4.3  Method 

Once  the  purpose  and  goals  of  the  accident  review  portion  of 
the  project  were  established,  a  list  of  questions  and  forms  were 
created  to  assist  with  the  tabulation  and  analysis  of  the  gathered 
data. 


4-3 


Tt  was  not  feasible  to  tabulate,  record,  and  analyze  every 

piece  of  information  on  the  detailed  ^va^ i^ty^’^of 

Lrtain  data  were  taken  from  each  report.  A  wide  variety 
reports  on  collision  accidents  were  reviewed. 

The  accident  reports  reviewed  came  from  two  sources.  First, 
one  state  vol^^^^^^^^  to  participate  and  permitted  u-  to  review 

tllorts  of  all  accidents  in  that  state  for  one  year  that  fit  our 
criteria  list.  Second,  the  USCG  provided  ^  list  of 
that  fit  our  criteria,  nationwide,  and  allowed  us  to 

selected  reports. 

4.3.1  The  State  Accidents 

The  cooperating  state  was  asked  to  provide  a 
all  accidents  and  access  to  reports  that  ^ FXO 
criteria  used  were  all  accidents  involving  a  CWAV,  CWFLO,  CWFXO, 
and  groin^lngs  for  tha  calendar  year  .1989,  and  %  portion  of 

1990?  Since  this  list  included  all  accidents  This 

criteria,  both  fatal  and  non-fatal  accidents  were 

orovided  an  opportunity  to  understand  what  types  of  collision  . 
S«ed  whi^  may  f/eguently  result  in 

property  damage,  but  that  did  not  necessarily  result  in  a  fatality. 
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The  USCG  Accident  Reports 


Since  the  USCG  has  thousands  of  reports  lonV^It 

collisions,  it  was  determined  that  the  best  ^PP^°5‘;^ f ° 
those  accidents  that  result  in  fatalities,  and 
were  believed  to  be  reasonably  accurate.  The  criteria 
FATAL  accidents  in  the  four  major  categories  of  interest  which  were 
CWAV,  CWFLO,  CWFXO  and  groundings.  All  accidents  occurred  in  _e 
SeAdar  year  1990.  The  USCG  provided  a  summary  list  of  all 
accidents  which  met  this  criteria,  which  can  be  found  in 
Figure  4-1.  The  explanation  of  codes  used  in  the  summary  list  i 

found  in  Figure  4-2. 

The  accident  list  was  still  quite  long;  therefore,  we  reviewed 
it  to  determine  the  next  best  method  of  reducing  it  ^ 
size.  This  was  decided  by  default  because  only  certain  states 
reports  were  actually  available  for  us  to  re^riew. 

The  reports  we  received  from  the  USCG  were  primarily  reports 
completed  by  the  investigating  officer.  Operator  reports  wer^  also 
submitted  and  reviewed  when  available.  If  4aa^ 

found  on  the  operator's  report  when  compared  to  the 
report,  the  investigator's  report  was  used.  Often  witnes 
statements  were  attached  which  provided  valuable  information  not 
found  on  the  accident  report  form. 


4.4  Methods  of  Analysis 
4.4. 1  Overview 


Forms  were  created  on  which  to  tabulate  specific  data  items. 
The  forms  used  for  the  USCG  supplied  reports  are  shown  in  Figure 
4-3.  Similar  forms  were  used  for  the  State  reports.  One  set  of 
forms  was  filled  out  for  each  accident.  After  the  forms  were 
completed,  a  computer  database  was  set  up  with  one  field  type 
representing  each  critical  area  on  the  form.  Each  accident  was 
then  summarized  as  one  record.  All  data  were  entered  into  one 
common  data  table  for  analysis.  This  was  done  so  that  totals  and 
summary  data  involving  all  accidents  could  easily  be  generated. 
The  data  was  subsequently  entered  into  a  database  program  to  assist 
with  the  analysis. 

We  also  adopted  certain  conventions  to  provide  consistency  in 
recording  and  tabulating  the  data.  For  example,  a  consistent 
method  to  identify  vessel  number  one  and  number  two  in  a  CWAV  type 
accident  was  adopted.  This  method  proved  most  useful  and  is 
explained  below. 

When  two  boats  collide,  usually  one  can  be  considered  to  be 
the  impacting  boat,  and  one  the  struck  boat.  Often  they  are 
referred  to  as  the  bullet  boat  and  the  target  boat.  Generally  the 
bullet  boat  is  easily  identified  because  its  bow  impacted  the  other 
boat.  In  some  cases,  such  as  head  on  accidents,  the  bow  of  both 
boats  may  be  considered  to  be  equally  involved  in  the  impact  and 
thus  one  cannot  clearly  be  defined  as  a  bullet  boat  or  a  target 
boat.  In  this  case,  the  terms  bullet  boat  and  target  boat  are 
arbitrarily  assigned.  In  the  data  summaries  that  follow,  the 
impacting  boat,  or  bullet  boat,  is  always  labeled  as  vessel  number 
one.  The  struck  boat,  or  target  boat,  is  labeled  vessel  number 
two. 


For  accidents  involving  only  one  vessel,  such  as  CWFLO  or 
CWFXO  the  vessel  data  was  recorded  only  as  vessel  number  one. 
Vessel  number  two  questions  were  left  blank. 


4.4.2  Explanation  of  Data  Collected 

In  this  section  we  will  look  briefly  at  the  forms  used  to 
tabulate  this  data,  and  explain  why  some  of  those  items  were  deemed 
^^^i^ical  for  this  analysis.  Since  many  of  the  items  on  the  form 
are  not  part  of  the  standard  report  forms  used  by  the  states,  it 
was  often  not  possible  to  retrieve  the  desired  information.  The 
narrative  reports  were  heavily  used  to  attempt  to  locate  key 
information  such  as  estimated  vessel  speeds,  number  of  persons 
thrown  overboard,  and  directions  of  impact.  We  will  only  go  into 
rationale  for  those  items  that  are  not  self-explanatory  or  for 
which  additional  explanation  is  necessary.  The  item  numbers  in  the 
section  that  follows  correspond  to  the  questions  on  our  data  sheet 
found  in  Figure  4-3. 
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a  TD  No.  -  All  accident  reports  are  assigned  some  type  of 
c^se^^D  number.  This  was  recorded  so  that  xf  any 
additional  data  was  needed  on  a  particular  accident  it  co 
be  readily  identified. 

ia  Hit  and  Run  -  It  was  not  uncommon  to  find  in  a  CWAV  type 
accldeil  tha^-lhe  Itrlking  vessel  left  the  scene  £oll°“tng 
the  accident.  We  decided  that  it  would  be  a  good  item  to 
SLk  We  even  noted  that  some  states  had  a  place  on  their 
accident  report  forms  for  this  information. 

2.  Light  -  It  was  important  to  note  if  a  collision  occurred 
at  night.  Navigation  lights  play  an  important  i^ole 
nighttime  collisions,  therefore  we  wanted  to  identify  the 
ambient  lighting  conditions  at  the  time  of  the  acciden  . 

T.  visibility  -  This  is  a  subjective  item  and  was  taken  from 
the  accident  report  form  when  completed. 

4.  and  8.  Length  -  The  boat  length  is 

importance.  It  was  necessary  to  obtain  the  . 

bo?ts  involved  to  answer  certain  questions 

collision  scenario.  We  were  interested  in  attempting  to 
identify  any  patterns  with  regard  to  boat  size.  For  example, 
ial  it  Lr  mo?e  common  for  a  large  boat  to  run  over  a  smaller 
one,  or  were  the  occupants  of  small  boats  more  likely  to  b 
injured  in  an  accident? 

5.  and  9.  Typpt  of  Vessel  -  Most  of  the  vessels  involved  in 
these  types  of  accidents  were  open  motorboats  or  vessels  with 
a  small^Lbin.  Many  of  the  cabin  vessels  have  provision  for 
steering  either  inside  or  outside  the  cabin.  One  early  goal 
was  to  determine  if  operators  who  steered  these 

from  inside  a  cabin  were  more  likely  to  be  involved  in  an 
accident.  If  the  type  of  vessel  was  checked  as  other,  the 
actual  vessel  type  was  recorded.  The  data  were  later  reviewed 
to  identify  any  types  of  vessels  which  showed  up  frequently. 

6.  and  10.  Operator  Steering  Position  -  This  applied 
cabin  boats  with  more  than  one  steering  position  as  explains 
in  the  preceding  paragraph. 

7.  and  11.  Manufacturer  or  Model  of  Boat  -  This  information 
was  recorded  mainly  for  the  sake  of  completeness.  Sufficient 
data  were  not  available  nor  was  there  any  attempt  to  correlate 
injuries  or  fatalities  to  a  certain  manufacturer  s  boat. 

7  1  anrt  11-1  Horsepower  and  7.2  and  11.2  Horsepower  and  Engine 
T^pe  -  This  data  was“^imarily  used  to  help  identify  the  type 
and  size  of  craft  involved  if  other  information  was  absent. 
For  example,  many  reports  would  leave  off  the  boat  length,  but 
if  the  field  report  said  that  it  was  equipped  with  a  5  HP 
outboard  motor,  we  had  a  better  idea  of  what  kind  of  boat  was 
involved. 
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of  Occupants  -  This  is  simply  the  number  of 
persons  on  board.  Generally,  this  information  was  recorded  on 
tne  accident  irepoirt,  but  often  for*  only  one  vessel. 

13.  and  18.  No.  Injured  -  The  initial  goal  was  to  track  the 
number  of  persons  injured  on  each  craft.  Injury  data  was 
often  not  filled  in  on  the  reports  at  all,  especially  those 
prepared  by  an  investigator.  Most  of  the  injury  data 
tabulated  in  our  summary  was  derived  from  narratives  and 
witness  statements.  Operator  reports  were  generally  more 
detailed  than  the  investigators'  reports  with  regard  to 
providing  details  on  injuries. 


— Fatalities  -  This  is  the  number  of  people 
killed  on  the  boat. 


15.  and  20.  Location  of  Occupants  Injured  or  Killed  -  The 
initial  goal  was  to  try  to  identify  locations  of  occupants  in 
a  boat.  This  is  especially  important  in  CWAV  type  accidents. 
An  occupant's  location  may  determine  the  likelihood  of  being 
ejected  from  the  boat  or  injured  during  a  collision.  Few  of 
the  reports  reviewed  had  any  information  regarding  occupant 
locations.  At  least  one  state  includes  provision  for  a 
seating  diagram  on  their  standard  report  form.  The  data  on 
this  item  was  generally  not  available^  so  no  tabulation  of 
this  data  was  made. 


15A.  and  20A.  No.  of  Occupants  Thrown  Overboard  -  This  data  is 

reasons.  It  is  important  to  understand  why 
people  are  killed  or  injured  in  a  boating  accident.  One  goal 
in  this  area  was  to  help  separate  fatalities  due  to  injuries 
from  those  due  to  drownings.  It  was  also  useful  in 
identifying  the  types  of  accidents  in  which  occupants  are 
overboard.  This  data  was  not  on  the  report  form,  but 
could  often  be  obtained  from  narratives. 

15B.  and  20B.  No  of  Deaths  by  Drowning  from  Occupants  Thrown 
Overboard  -  Many  states'  reports  contain  spaces  for 
information  on  cause  of  death.  Some  also  include  spaces  to 
note  if  the  victim  was  wearing  a  PFD.  Unfortunately,  this 
often  not  completed  by  the  investigator,  leaving  an 
important  void  in  this  area.  The  data  is  important  so  that 
the  circumstances  for  the  fatalities  can  be  documented  if 
known . 

16.  and  21.  Cause  of  Iniuries/Peath  For  Occupants  Not  Thrown 
Overboard  -  This  information  was  only  available  on  very  few  of 
the  reports  reviewed.  The  reports  almost  never  contained 
iriformation  on  what  happened  to  surviving  occupants.  Injuries 
were  of  ten  not  recorded,  and  when  notations  were  made,  few 
details  were  provided. 
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22.  <^MRV  Basic  S.it:uat.ion  -  This  data  answers  the  fundamental 
question  "Was  the  target  boat  sitting  still  when  struck  hy  the 
bullet  boat?"  Obtaining  information  on  the  basics  of  the 
situation  helps  to  categorize  the  general  circumstances  in 
which  accidents  take  place.  The  answer  of  "Vessel  No.  2 
moving  very  slowly  relative  to  impacting  vessel"  was  necessary 
for  those  situations  where  the  struck  vessel  was  only  idling 
or  traveling  very  slowly. 

23.  and  24.  Estimated  Speeds  of  Vessels  -  Estimated  speeds 
were  recorded  only  in  relative  terms.  This  information  was 
difficult  to  extract  from  the  reports  since  most  states  forms 
do  not  have  a  space  for  this  information.  We  did  find  one 
state  which  had  a  block  entitled  "Operator's  estimate  of  has 
boat's  speed."  This  information  is  useful,  but  is  perhaps 
best  expressed  only  in  relative  terms  such  as  on  plane,  well 
below  planing  speed,  and  so  forth.  Many  boats  do  not  have 
speedometers.  Therefore  an  operator's  estimate  of  his  boat 
speed  on  the  water  may  be  inaccurate.  Often  a  speed  was 
estimated  by  our  researcher  based  on  narratives  or  other 
descriptive  data.  When  in  doubt,  the  speed  estimate  was 
conservative,  making  our  estimate  most  likely  lower  than  the 
actual  speed. 

25.  Tvnp,  of  Impact  -  Impacts  in  CWAV  type  accidents  are 
usually  in  the  form  of  over-rides,  glancing  blows,  penetrating 
impacts,  or  some  combination  thereof .  Narrative  descriptions 
or  descriptions  of  damage  to  the  boats  usually  permitted  an 
assessment  of  the  type  of  impact.  Knowing  how  boats  commonly 
collide  can  help  to  provide  data  to  identify  problem  areas. 

Initial  contact  Area  of  Impacted  Vessel;  Where  was  the 
target  vessel  struck?  Insufficient  data  was  available  on  most 
reports  to  make  this  determination.  At  least  one  state's 
had  a  diagram  with  provision  to  show  all  damaged  areas.  This 
can  help  but  in  an  accident  with  extensive  damage,  the  initial 
contact  area  may  not  be  obvious. 

27.  Initial  Contact  Area  of  Impacting  Vessel;  The  answer  to 
this  one  may  sound  obvious  as  most  people  automatically  assume 
that  the  bow  is  the  first  part  of  the  striking  boat  to  make 
contact  with  the  target  boat.  Last  second  evasive  action  can 
result  in  one  boat  literally  skidding  into  another  boat.  In 
the  beginning,  we  wanted  to  identify  any  accidents  where  this 
took  place,  however  there  was  not  sufficient  data  to  prove 
anything  other  than  bow  contact  first  on  almost  all  accidents 
reviewed. 

28,  Direction  of  Impact  from  Vessel _ Two's — Perspective  "  if 

you  are  the  operator  of  the  struck  vessel,  this  answers  the 
question  "Which  way  did  that  guy  come  from?" 
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29.  Relative  Size  of  Vessels  -  This  field  identifies  if  both 
boats  were  about  the  same  size,  if  one  was  larger  than  the 

if  both  were  about  the  same  size  but  different 
types. ^  This  field  was  established  to  help  look  for  trends  in 
collisions  as  related  to  boat  size.  For  example,  are  boats 
that  are  involved  in  collisions  usually  about  the  same  size, 
or  is  one  usually  significantly  different  from  the  other?  It 
was  also  realized  that  two  boats  could  be  the  same  size 
(length),  but  be  of  very  different  types.  For  example,  a  16 
ft  canoe  is  very  different  from  a  16  ft  ski  boat. 

30.  Size _ and  Geometry  of  Vessels  —  Did  the  large  boat  run 

over  the  smaller  one  or  vice  versa?  In  some  accidents,  such 
as  head  on  collisions,  both  boats  may  be  considered  to  be 
"equally  involved"  in  the  impact.  It  was  used  to  help  answer 
the  question,  "Does  the  large  boat  usually  collide  with  the 
smaller  one,  or  is  the  reverse  true?" 

The^  following  parameters  applied  only  to  CWFXO  and  CWFLO 
accidents.  Again,  only  parameters  that  require  explanation 
are  noted  below. 

32.  Type  of  Impact  -  It  was  important  to  attempt  to  note  how 
the  boat  struck  the  object.  Many  collisions  with  fixed 
objects  are  glancing  blows  rather  than  a  direct  impact,  such 
as  a  collision  straight  on  with  a  seawall.  This  data  was 
important  to  assist  with  analyzing  accidents  with  respect  to 
potential  for  causing  injury. 

39.^  Boat  Response  -  To  help  analyze  the  seriousness  of  the 
accident,  it  was  noted  whether  the  boat  swamped,  sunk,  or 
capsized  following  the  collision. 

41.  Comments ;  The  most  important  parts  of  this  section  noted 
if  alcohol  was  involved,  and  if  evasive  action  was  taken  by 
either  operator. 

42.  Opinion _ of  Officer  as  to  Cause;  Unfortunately,  this 

section  was  often  left  blank  by  the  investigating  officer,  but 
the  information  was  noted  when  available. 


4.4.3  Looking  for  Common  Trends 

In  an  effort  to  identify  common  trends  or  patterns,  attempts 
were  made  to  identify  data  for  each  accident,  much  of  which  is  not 
located  on  the  standard  report  forms.  Most  of  the  data  regarding 
common  trends  was  located  in  the  narrative  sections  of  the  reports 
or  in  witness  statements. 
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4.5  Summary  of  Results 
4.5.1  The  State's  Accident  Data 

The  accident  reports  provided  by  our  volunteer  state  which  met 
the  criteria  in  4.2.1  totaled  152  accidents.  Remember  that  this 

data  included  both  fatal  and  ’  “thJeraccide^^ 

of  these  accidents  were  reviewed  in  detail.  Thirty  three  acciden 

reports  provided  sufficient  detail  to  make  a  judgement  as  to 
whethL  the  accidents  would  be  considered  severe.  A  severe 
acSdent  was  considered  to  be  one  in  which  large  amounts  of 
S^opeJty  damage  to  one  or  both  boats  occurred,  or  where  m juries 
Requiring  treatment  beyond  first  aid  were  noted.  Twenty-one  of  the 
l?^nin-(ltal  accidents  (63%)  were  considered  severe.  Several  of 
the  accidents  that  were  not  considered  severe  were  near  misses  that 
could  have  easily  been  severe  except  for  last  second  evasive  action 
on  the  part  of  an  operator.  Although  the  sample  is  far  too  narrow 
to  be  statistically  significant,  the  indication  is  ^ed 

accidents  reported  are  relatively  severe  in  nature.  Data  tabulated 
with  regard  to  injuries  and  property  damages,  on  non  fatal 
cillisioL,  was  often  not  of  sufficient  detail  to  make  an  accurate 
assessment  of  the  severity  of  the  accident. 

Common  non-severe  accidents  included  docking  accidents,  very 
low  speed  collisions,  glancing  blows  at  higher  speeds,  an 
collisions  where  the  occupants  were  ejected  from  the  boat  but  were 
not  injured.  Cuts  and  bruises  were  the  most  common  injury  reported 
in  non-severe  accidents.  Some  of  the  more  severe  injuries  include 
broken  limbs,  cracked  ribs,  collapsed  lungs,  and  injuries  to  the 
neck  and  collarbone. 

Several  accident  reports  support  a  theory  that  an  occupant 
sitting  in  the  seat,  facing  forward  during  a 

some  risk  of  injury  to  the  torso  around  the  rib  cage.  It  appears 
that  the  injuries  may  be  due  to  the  occupant's  impact  with  the 
interior  of  the  boat.  At  least  two  hypotheses  exist  to  account  for 
injuries  due  to  the  occupant's  impact  with  the  interior  of  the 

boat. 

One  possibility  is  that  during  a  T-bone  CWAV  acciden^t,  the 
lateral  acceleration  experienced  by  the  struck  boat  is  sufficien 

to  create  an  impact  between  the  occupant  her 

hull  side.  One  person  involved  in  such  an  accident  stated  that 
ribs  hit  the  side  of  the  boat.  This  phenomenon  could  be  similar, 
although  less  severe,  than  certain  side  injuries 

side  impact  accidents  in  automobiles.  Testing  and  additiona 
research  would  be  necessary  to  evaluate  the  accuracy  of  thi 
hypothesis. 

A  second  possible  explanation  of  how  occupants  may  be  injured 
by  impacting  the  interior  hull  side  occurs  during  oyer-ride 
accidents  when  the  bullet  boat  becomes  airborne.  Observations  of 
experimental  collisions  involving  over-rides  have  lead  to  the 
conclusion  that  many  times  the  bullet  boat  may  re-enter  the  water 
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at  a  significant  heel  or  roll  angle.  The  jolt  experienced  by  the 
occupants  at  water  re-entry  while  the  boat  is  rolled  significantly 
to  one  side  may  also  place  the  occupants  at  risk  of  injury  due  to 
impacts  with  the  hull  side  interior.  Additional  data  and  testing 
would  be  necessary  to  evaluate  this  hypothesis. 

fifty  accidents  reviewed,  seven  involved  one  or  more 
fatalities.  These  seven  accidents  were  added  to  the  fatal  accident 
analysis  conducted  on  the  data  provided  by  the  USCG  discussed  in 
the  next  section. 


4.5.2  USCG  Accident  Data 

The  USCG  provided  a  summary  list  of  all  accidents  meeting  the 
criteria  listed  in  paragraph  4.2.2  above.  In  total,  159  accidents 
met  this  criteria.  The  summary  list  and  the  accident  codes  are 
provided  in  figure  4-1  and  4-2  at  the  end  of  this  section.  The 
breakdown  by  accident  type  is  as  follows: 

Accident  Type  Number  of  Accidents 

CWAV 
CWFXO 
CWFLO 

Groundings 
Total  159 

Complete  accident  reports  for  55  of  the  159  fatal  accidents 
covering  19  states  were  obtained  from  the  USCG.  Four  of  these 
accidents  were  groundings.  None  of  the  data  from  the  grounding 
accidents  was  included  to  the  computer  database  for  analysis. 
These  accidents  were  correctly  coded  as  groundings  and  were  not 
cJollisions.  An  additional  four  accidents  were  incorrectly  coded, 
or  considered  too  incomplete  to  provide  data  for  the  analysis. 

This  left  47  accidents  provided  by  the  USCG  that  were  placed 
into  a  database  for  analysis.  To  this  data,  the  seven  fatalities 
from  our  volunteer  state  were  added  thus  bringing  the  total 
accidents  included  in  the  computer  analysis  to  54.  The  detailed 
reports  obtained  from  the  USCG  did  not  already  include  data  from 
our  volunteer  state,  ensuring  that  there  was  only  one  report  for 
each  accident.  The  majority  of  the  results  in  the  sections  that 
follow  are  based  on  the  analysis  of  these  54  accidents.  The 
breakdown  by  accident  type  is  listed  below: 

Accident  Type  Number  of  Fatal 

Accidents 

CWAV 
CWFXO 
CWFLO 

Groundings 

Total  54 


25 

21 

8 

0 


70 

66 

12 

11 
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4.6  Analysis  of  CWAV  (Collision  With  Another  Vessel)  Accidents 


As  a  reminder,  vessel  number  one  is  alway 
bullet  boat,  and  vessel  number  two  is  always 
target  boat.  For  accidents  where  neither 
identified  as  a  target  boat  or  bullet  k>oat. 
Vessel  1  and  Vessel  2  were  arbitrarily  applied 
are  a  good  example  where  the  latter  statement 

The  following  analysis  applies  to  the  25 
which  were  contained  in  the  54  fatal  accidents 
summarized  in  the  table  above. 


s  referred  to  as  the 
,  referred  to  as  the 
vessel  was  clearly 
the  designations  of 
1.  Head-on  collisions 
applies. 

fatal  CWAV  accidents 
closely  analyzed,  as 


4.6.1  Effect  of  Vessel  Size  and  Role  in  a  Collision 

4.6.1 .1  Bullet  Boat  Vs.  Target  Boat 

TWO  factors  emerged  as  having  a  definite 
potential  for  fatalities  in  an  accident.  Whether  or  not  the  boat 
was  the  bullet  boat  or  target  boat,  and  the  relative  size  of  the 
vessS  were  two  factors  that  had  a  direct  effect  on  what  happened 
to  the  occupants. 

The  one  pattern  that  stood  out  the  most  was  the  relationship 
between  the  boat's  role  in  the  collision  and  the  risk  of  injury  or 
death  to  its  occupants.  The  boat  identified  as  the  target  boat 
(which  was  always  labeled  as  Vessel  No.  2)  suffered  the  most  in  a 
collision!  in  15  of  the  25  fatal  collisions  examined,  more 
fatalities  occurred  in  the  target  boat  than  in  the  bullet  boat.  The 
same  number  of  fatalities  occurred  on  each  boat  for  three  of  the 
collisions.  This  data  suggest  that  the  occupants  on  board  the 
target  boat  are  generally  at  greater  risk  of  death. 

In  seven  of  the  25  collisions,  more  people  were  killed  in  the 
bullet  boat  than  in  the  target  boat.  What  happened  in  these  seven 
collisions  that  could  account  for  the  difference  in  tt^  above 
trend?  In  at  least  six  of  these  7  collisions,  the  bullet  boat  was 
smaller  than  the  target  boat.  (For  one  accident,  the  length  of  the 
second  boat  was  not  Lown.)  In  one  case,  a  small 

a  large,  steel  hulled  houseboat,  killing  ^ 

runabout,  and  injuring  three  others.  No  one  are 

injured.  This  is  one  example  of  where  those  in  the  bullet  boat  a 
at"^  greater  risk  of  injury  than  those  in  the  target  boat.  The 
number  of  occupants  on  board  each  boat  was  taken  into  consideration 

for  this  analysis. 


4.6.1 .2  The  Effect  of  Relative  Size 

In  order  to  determine  the  effect  of  relative  size  alone,  the 
number  of  accidents  in  which  one  vessel  was  known  to  be  larger  than 
the  other  were  examined.  The  rule  of  thumb  was  that  if  the  smaller 
vessel's  length  was  8  0%  or  less  of  the  larger  vessel's  length,  the 
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vessels  were  considered  to  be  of  different  sizes.  Since  the 
lengths  of  both  vessels  involved  were  not  always  available,  it  was 
not  always  possible  to  determine  if  the  boats  were  of  a  different 
length.  However,  in  17  of  the  25  accidents,  it  was  confirmed  that 
the  boats  were  of  different  lengths. 

At  first,  we  were  looking  to  see  if  a  trend  existed  that  would 
support  large  boats  more  frequently  striking  small  boats,  or  vice 
versa.  For  these  limited  number  of  accidents,  there  were  about  an 
equal  number  of  each.  The  next  question  was  to  determine  if 
there  was  a  relationship  between  the  size  of  the  boat  and  the  risk 
of  death.  To  accomplish  this,  we  wanted  to  isolate  the  number  of 
accidents  where  the  number  of  fatalities  was  greater  on  the  smaller 
boat  than  on  the  larger  boat.  This  applied  only  to  the  17  CWAV 
accidents  where  the  boats  were  determined  to  be  of  a  different 
length. 

In  13  of  the  17  accidents,  there  were  a  greater  number  of 
fatalities  on  the  smaller  boat  than  the  larger  boat.  These 
accidents  can  be  further  be  broken  down  into  two  more  categories. 
The  two  categories  are  those  accidents  where  the  smaller  boat  was 
^he  target  boat  and  those  where  the  smaller  boat  was  the  bullet 
boat. 


There  were  seven  accidents  where  the  smaller  boat  was  the 
bullet  boat.  There  were  more  fatalities  on  the  target  boat  in  only 
four  out  of  these  seven  accidents.  There  were  10  accidents  where 
the  smaller  boat  was  the  target  boat.  In  at  least  nine  of  these  10 
accidents,  more  people  were  killed  on  the  smaller  target  boat  than 
on  the  larger  bullet  boat.  The  number  of  occupants  on  board  each 
boat  at  the  time  of  the  collision  was  then  considered  for  each 
accident.  After  a  review  of  the  data,  the  general  conclusion  was 
reached  that  persons  on  board  the  smaller  boat  are  more  likely  to 
be  injured  or  killed  than  those  on  the  bullet  boat,  especially  when 
the  target  boat  is  also  the  smaller  of  the  two  boats. 

The  same  type  of  analysis  was  performed  with  the  number  of 
persons  thrown  overboard  and  number  injured.  This  analysis  was 
performed  looking  first  at  the  total  number  of  persons  thrown 
overboard  on  the  bullet  boat,  and  the  target  boat  as  a  group.  The 
same  procedure  was  followed  for  number  of  persons  injured  on  the 
bullet  boat  and  the  target  boat.  Figure  4-4  shows  a  summary  of  the 
results.  The  totals  show  that  as  a  group,  more  persons  were  thrown 
out  of  the  target  boat  (18  vs.  11),  and  were  injured  in  the  target 
boat  (23  vs.  14)  ,  than  in  the  bullet  boat.  This  is  significant 
since  the  number  of  persons  on  board  as  a  group  was  about  the  same 
for  the  bullet  boat  and  target  boat  (72  and  68  respectively)  .  This 
data  alone  would  suggest  that  there  is  an  increased  likelihood  of 
injury  in  addition  to  being  thrown  overboard  if  you  are  in  the 
target  boat  during  a  collision.  It  is  also  consistent  with  the 
analysis  performed  on  fatalities.  Caution  in  interpreting  the  data 
regarding  injuries  and  persons  thrown  overboard  is  necessary  in 
this  case.  While  every  attempt  was  made  to  pick  out  any  data  that 
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reflected  injuries  and  number  of  persons  thrown  overboard,  most 
reports  simply  lacked  sufficient  detail  to  obtain  complete 
information.  Thus  the  true  accuracy  of  the  conclusions  regarding 
injuries  and  persons  thrown  overboard  is  unknown. 

This  data  leads  to  three  important  conclusions: 

conclusion  1.  During  a  collision  with  another  vessel,  the 
occupants  in  the  struck  boat  are  at  much  greater  risk  of  being 
thrown  overboard,  injured  or  killed  than  the  occupants  of  the 
striking  boat. 

cnnnTusion  2.  For  CWAV  type  accidents  where  one  vessel  is 
significantly  larger  than  the  other,  the  occupants  of  the 
smaller  vessel  are  at  much  greater  risk  of  death,  injury,  and 
being  thrown  overboard  than  the  occupants  of  the  larpr  boat. 
This  is  generally  true  even  if  the  smaller  boat  is  the  bulle 

boat. 

cnnninsion  3.  For  CWAV,  where  the  target  boat  is 
significantly  smaller  than  the  bullet  boat,  the  risk  of 
injury,  death,  and  being  thrown  overboard  is  especially  high, 
evL  more  so  than  for  conclusion  #1)  or  conclusion  #2)  above 
for  the  occupants  of  the  smaller  (target)  boat. 


4.6.2 


Common  Scenarios 


4.6.2.1 


Near  Head-On  Collisions 


Throughout  the  analysis,  we  were  looking  for  common  patterns 
or  scenarios.  One  common  scenario  was  the  frequency  of  head-on  or 
near  head-on  collisions.  Six  accidents  out  of  25  or  approximately 
24%  of  those  fatalities  reviewed  were  of  this  type.  In  several 
cases,  it  was  recorded  that  both  boats  swerved  in  the  same 
direction  attempting  to  avoid  the  collision.  One  accident 
both  boats  swerving  the  same  direction  five  different  times  before 
finally  colliding  I  In  only  one  accident  did  the  waterway 
contribute  to  the  accident.  In  that  accident,  two  boats  met  each 
other  at  high  speed  while  rounding  a  sharp  bend  in  a  river. 

The  exact  cause  of  these  accidents  is  difficult  to  evaluate. 
It  is  not  known  if  the  operators  of  vessels  in  these  circumstances 
were  aware  of  the  proper  procedures  when  faced  with  an  approaching 
vessel.  Clearly,  both  operators  must  be  familiar  with  the  rules  or 
the  road  if  disaster  is  to  be  avoided.  Often  alcohol,  night 
background  lighting,  and  operator  inexperience  all  contribute  to 
such  events  making  it  impossible  to  single  out  one  factor  as  the 
cause  of  the  accident. 
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4.6.2.2  Drownings  Without  PFDs 


When  the  subject  of  collisions  is  discussed,  it  is  important 
to  know  what  is  causing  injuries  and  fatalities.  While  compiling 
the  data  from  the  accident  reports,  every  effort  was  made  to 
document  any  instances  of  a  person  who  drowned  either  with  or 
without  wearing  a  PFD,  as  this  was  noted  as  a  recurring  event. 
Unfortunately,  many  accident  reports  did  not  include  the  cause  of 
death,  or  if  it  was  indicated  as  a  drowning,  they  did  not  specify 
if  the  person  was  wearing  a  PFD. 

The  25  CWAV  accidents  involved  a  total  of  29  fatalities.  Of 
these,  at  least  13  were  known  to  be  drownings.  And  of  these  13  at 
least  eight  of  these  were  not  wearing  a  PFD.  One  case  was  noted 
where  the  cause  of  death  was  drowning  and  the  person  was  wearing  a 
PFD.  However,  no  PFD  data  was  provided  for  the  other  four  known 
drowning  cases  where  PFDs  were  being  worn  by  the  victims.  In 
summary,  in  at  least  eight  out  of  29  fatalities, 

(28%)  in  the  CWAV  accidents  reviewed,  persons  drowned  and  were  not 
wearing  their  PFDs. 

It  would  presumptuous  to  state  that  all  of  these  fatalities 
would  have  prevented  if  PFDs  had  been  worn.  No  data  was  provided  on 
other  injuries,  or  the  condition  of  those  persons  when  they  entered 
the  water,  thus  making  it  impossible  to  determine  if  wearing  a  PFD 
would  have  saved  their  lives.  However,  it  is  likely  that  their 
chances  of  survival  would  have  been  improved  dramatically  if  they 
had  worn  a  PFD.  One  can  initially  conclude  that  more  lives  might 
be  saved,  even  during  collision  type  accidents,  if  the  occupants 
would  properly  wear  their  PFDs. 


4.6.3  Miscellaneous  Parameters 

In  this  section  we  will  summarize  data  collected  on  some  of 
the  important  parameters  regarding  the  CWAV  type  accidents.  The 
numbers  in  parentheses  are  the  numbers  from  the  questions  on  the 
report  form  discussed  earlier  in  Figure  4-3  of  this  chapter. 


Hit  and  Run  flA^ 

This  item  was  placed  on  the  form  as  we  became  aware  that  the 
operator  of  the  striking  vessel  does  not  always  stop  to  render 
assistance.  Frequently,  the  operator  of  the  striking  vessel  may 
not  suffer  any  significant  injury,  and  his  vessel  may  be  relatively 
undamaged,  thus  he  is  able  to  continue  on  his  way  after  a 
collision.  This  occurred  in  at  least  one  documented  case  in  a  CWAV 
fatality  we  reviewed.  There  were  others  of  which  we  were  aware  that 
did  not  involve  a  fatality.  At  least  one  state  has  a  block  on 
their  accident  form  to  note  if  it  was  a  hit  and  run  situation. 
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T.iaht  (2)  - 

Number  of  accidents  during  daylight:  15 
Number  of  accidents  at  night:  9 
Number  of  accidents  at  dusk/dawn:  1 

Vessel  1  Length  (4)  and 
Vessel  2  length  (8)  - 

Number  of  vessels  of  length  (feet) : 


Under  15' 
VI:  0 

V2:  2 


15'-17' 

5 

5 


18'-20' 

8 

3 


20'-23' 

7 

2 


24'+  Unknown 
4  1 

6  7 


Type 


of  Vessel:  Vessel  1  (5)  and  Vessel  2  (8) 


om 

VI:  16 

V2:  11 


where 

om  =  open  motorboat 

cb  =  cabin  boat 

pw  =  personal  watercraft 

sb  =  sailboat 

ot  =  other 

tb  =  tugboat 

un  =  unknown 


Collision  Basic  Situation — ( 22 ). 

The  purpose  of  this  item  was  to  help  evaluate  the  most 
frecfuent  circumstances  in  which  collisions  occur.  It  is  important 
to  SJderstand  if  most  accidents  occur  when  ^°th  vessels  are  moving^ 
or  perhaps  when  only  one  is  moving  and  one  is 

latter  category  was  subdivided  into  categories  where  the  struck 
vessel  was  moving  very  slowly  ^^i^tive  to  the  first  vessel, 
where  its  speed  was  essentially  zero.  The  intent  the  last  two 
cateaories  was  to  help  distinguish  between  vessels  that 
operating  at  a  slow  cruising  speed,  and  those  who^h  were  proba  y 
not  being  operated  at  all.  The  concept  was  that  if  a  vessel  is 
struck  while  at  zero  speed,  it  was _  likely  ^nctored,  drif  g^ 
enaacred  in  fishing,  or  other  activity  where  its  operator  wa 
engaged  in  something  other  than  operating  the  vessel.  The  number  of 
accidents  for  each  is: 


B:  15 

l:  5 

Is :  3 

Un:  2 
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where 

B  =  both  vessels  moving 

1  =  Vessel  1  moving.  Vessel  2  stationary 

Is  =  Vessel  1  moving,  Vessel  2  moving  very  slowly 

Un  =  unknown  due  to  lack  of  data 

Thus  for  the  data  reviewed,  15  out  of  25  (60%)  of  the  CWAV 
accidents  occurred  where  both  vessels  were  moving.  In  five  of  the 
25  accidents  (20%) ,  the  struck  vessel  was  stationary. 

Estimated  Speeds  of  Vessel  1  (24)  and  Vessel  2  (23) 

Estimated  speeds  of  the  boats  involved  are  difficult  to 
obtain.  When  reviewing  the  reports,  if  the  operator  provided  an 
estimate  of  speed,  and  no  data  was  found  to  the  contrary,  it  was 
recorded  as  the  estimate.  If  no  estimate  was  provided  by  the 
operator,  then  attempts  were  made  to  obtain  the  data  from  witness 
statements  or  based  on  the  scenario  and  damage  data.  Exact 
estimates  were  not  reguired.  A  range  of  speeds  was  established  to 
determine  whether  the  boat  was  on  plane,  below  planing  speed,  or  in 
transition.  If  it  was  stated  by  the  operator  that  the  boat  was 
traveling  at  40  mph  or  more,  this  was  recorded  as  very  high  speed. 
However,  for  CWAV  accidents,  no  data  was  available  on  any  of  the 
accidents  sufficient  to  show  that  either  boat  was  traveling  at  40 
mph  or  more. 


Estimated  Speeds: 


h  m 
Vessel  1:  15  1 
Vessel  2:  9  1 


1 

4 

3 


0  u 

NA  5 

5  7 


Where : 

h  =  high  speed,  on  plane  or  20  plus  mph 

m  =  medium  speed,  just  below  planing  speed,  or  near  hump 
speed  but  estimated  below  20  mph  (but  more  than  10  mph) 
1  =  low  speed,  below  hump  speed,  probably  less  than  10  mph 
0  =  zero  speed,  at  anchor  or  drifting 


The  data  shows  that  at  least  15  out  of  the  25  (60%)  of  the 
bullet  boats  were  on  plane  when  the  collision  occurred.  The  data 
also  shows  that  at  least  nine  of  the  25  (36%)  target  boats  were  on 
plane  when  the  impact  occurred.  Unfortunately,  speed  estimates  on 
the  target  boat  were  not  available  in  sufficient  numbers  of 
accident  reports  to  make  any  broad  based  conclusions. 

It  is  interesting  to  note  that  in  four  of  the  accidents,  the 
estimated  speed  of  VI  was  less  than  ten  mph.  Two  of  these 
accidents  involved  a  tugboat  which  struck  a  second  stationary  or 
very  slow  moving  vessel. 


■>p.  of  Impact  (25] 


The  type  of  impacts  were  generalized  into  the  three  main 

cateaories  The  goal  was  to  see  what  types  of  impac  ar 
categories.  iue  correlation  to  type  of  impact  and 

poSial^"to  injury  or 

subjSSiv^  judgeTe"^^^^  ov4r-rides  involve 

at  least  some  penetration  of  the  hull  perimeter. 

Type  of  Impact; 

Over-ride:  8 

Glancing  Blow:  4 
Penetration:  1 

Unknown;  12 

It  was  not  possible  to  determine  ^he  impact  types  for  12^of^ 
acJidInts  There  tTwaT  pLsiSe  °  thTm^tTommon  type  of  impact  was 

accidents  where  the  impact  type  was  known  that  an 

iSoact  occurred.  It  is  probably  reasonable  to  estimate 

least  half  of  all  fatal  CWAV  accidents  involve  an  over-ride  as  th 

primary  impact  mode. 

Evasive  Action  (38) _ 

Attemots  to  evaluate  the  number  of  accidents  where  an  operator 
was  ab^nrSr  attempted  to  take  evasive  action  proved  difficult. 

o'i  nar.|ives  or  ether  aetaUs  .aae^thr^s  assessment 

^SoSatir'to  Obtain  Tn  future  s'tuaies.  However  the  acoWent 
reports  we  reviewed  were  not  detailed  enough  on 
accidents  to  perform  any  meaningful  analysis. 


4,7  Analysis  of  Collisions  With  Fixed  Objects  (CWFXO) 

In  chapter  2  we  saw  that  CWFXO  type  accidents  for  some  years 
resulted  in  as  many  fatalities  if  not  slightly 

according  to  the  USCG  Annual  Boating  Statistics.  In  this  section, 
wShope  to  learn  a  little  more  about  why  this  is  true. 
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CWFXO  accidents  were  analyzed  which  accounted 
fatalities.  Several  patterns  and  common  denominators 
merged  as  the  data  were  reviewed.  Patterns  and  observations  in 
several  topic  areas  were  observed,  which  include: 


1.  High  number  of  persons  thrown  overboard 

2.  Canoeing/  river  accidents 

3.  Jonboats 

4.  Common  objects  struck 

5*  Number  of  outboard  powered  boats  involved 


We  will  attempt  to  discuss  in  detail  each  of  the  significant 
common  factors  discovered. 


4.7 -1.1  Persons  Thrown  Overboard 

Figure  4-5  contains  a  summary  of  the  data  regarding  number  of 
fatalities,  injuries,  persons  thrown  overboard,  and  persons  on 
board.  It  becomes  immediately  obvious  when  this  table  is  compared 
to  Figure  4-4,  which  summarized  the  same  data  for  CWAV,  that 
persons  on  a  boat  in  a  CWFXO  accident  are  more  than  twice  as  likely 
to  be  thrown  overboard.  Of  a  total  of  66  persons  involved  in  21 
CWFXO  accidents,  40  were  known  to  have  been  thrown  overboard.  For 
the  fatal  accidents  reviewed,  61%  of  those  involved  were  thrown 
overboard!  For  CWAV,  even  for  the  target  boat,  only  2  6%  of  the 
occupants  on  average  were  thrown  overboard  during  a  collision. 

It  was  documented  that  for  at  least  11  of  the  21  CWFXO 
accidents,  all  the  occupants  on  board  were  thrown  out  of  the  boat 
upon  impact.  This  is  a  much  higher  number  than  could  be 
established  for  CWAV  type  accidents. 

Of  the  23  fatalities  involved,  at  least  12  were  known  to  be 
due  to  drowning.  At  least  five  of  these  12  victims  were  not 
wearing  a  PFD.  Unfortunately,  most  reports  did  not  indicate  if  the 
persons  that  were  thrown  overboard  and  drowned  were  wearing  a  PFD. 


4.7. 1.2  Canoeing  and  River  Accidents 

^  A  recurring  accident  scenario  involved  human  powered  craft  on 
rivers.  Five  fatal  accidents  of  the  21  reviewed  (24%)  involved 
canoes,  kayaks,  or  rafts.  The  specific  craft  were  3  canoes,  1 
raft,  and  1  kayak.  During  a  typical  scenario,  the  craft  struck  a 
rock,  or  other  obstruction,  overturned,  and  the  occupants  drowned. 
In  at  least  two  of  these  accidents,  the  victim  was  not  wearing  a 
PFD. 


4.7. 1.3  Jonboats 

While  searching  for  patterns  and  common  denominators,  it  was 
repeatedly  observed  that  jonboats  were  involved  in  CWFXO  accidents. 
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What  is  a  jonboat  anyway?  A  jonboat  is  typically  a 
lightweight  open  boat,  12  to  14  feet  in  length,  constructed  of 
aluminum^  occasionally  plastic.  They  are  typically  powered  by  a 
small  outboard  motor,  usually  20  HP  or  less. 

Our  researchers  noted  that  jonboats  were  involved  in  at  least 
five  of  the  21  (24%)  CWFXO  accidents.  A  typical  scenario  was 

described  as  tte  craft  striking  an  object,  which  was  -probably  a 
submerged  stump."  The  occupants  were  then  thrown  overboard. 

This  was  not  easy  information  to  obtain  since  accident  report 
forms  do  not  distinguish  between  an  open  motorboat  and  a  jonboat. 
Srtlin?y Tjonboat  is  an  open  motorboat,  but  it  has  very  different 
characteristics  from  an  I/O  or  a  larger  outboard  P°wer®d  crafty 
Our  recommendation  is  that  future  revisions  of  the  accident  report 
form  provide  the  option  of  identifying  the  type  of  boat  as  a 
jonboat. 

Due  partially  to  a  jonboat's  light  weight,  it  is  possible  that 
it  reacts  more  quickly  and  violently  than  a  heavier  fiberglass  bo 
if  it  strikes  a  fixed  rigid  object.  This  sudden  reaction  co 
contribute  to  the  increased  likelihood  that  the  occupants  will  fal 
out  or  be  thrown  overboard. 


4.7. 1.4  Common  Objects  Struck 

It  is  only  natural  to  wonder  for  CWFXO  accidents,  what  it  is 
that  everyone  seems  to  be  running  into.  The  objects  struck  fall 
into  two  categories.  The  first,  consists  of  fixed 
that  are  easily  visible  and  identifiable,  at  least  in  good  daylight 
and  good  weather.  These  include  such  things  as  docks, 
pilings,  trees,  and  channel  markers.  The  second  category  includes 
objects  which  we  may  never  be  able  to  clearly  identify.  Officers, 
boat  operators,  and  boat  passengers  claim  that 

stumps,  with  the  occasional  rock,  tree  root,  or  submerged  log 
thrown  in  for  variety.  In  most  cases  these  objects  are  never  seen. 
In  a  typical  scenario,  the  boat  is  traveling  at  planing  speed  or 
better,  and  hits  an  unknown  object,  generally  identified  as  a 
stump,  throwing  everyone  into  the  water.  For  the  ° 

discussion,  we  will  classify  these  two  categories  of  objects  as 
Above  Water  (AW)  and  Underwater  (UW)  objects.  They  could  also  be 
called  visible  and  invisible  objects  as  well,  since  the  latter  are 
almost  never  seen! 

Eleven  of  the  collisions  involved  an  impact  with  an  AW  object, 
while  10  involved  an  impact  with  an  UW  object.  The  most  common  UW 
objects  struck  were  identified  somehow  as  stumps.  The  narratives 
generally  indicated  that  the  objects  were  never  seen.  Therefore, 
the  identification  of  the  object  struck  is  most  likely  a 
assumption  rather  than  a  proven  fact.  Submerged  rocks  ranked  as 
the  second  most  common  UW  object  struck. 
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Ten  of  the  collisions  were  with  AW  objects.  It  appears  that 
most  anything  that  a  boat  operator  can  get  to  is  a  possible  target. 
Some  of  the  objects  struck  included  a  pier,  tree,  tree  limb,  bridge 

oil  platform,  cement  marker,  canal  gate,  boat  dock,  and  a 
boat  house . 


4.7.2  Outboard  Powered  Boats  at  Risk? 

When  the  four  canoes  and  one  raft  were  subtracted  from  the 
CWFXO  database,  we  were  left  with  sixteen  accidents.  All  sixteen 
of  the  boats  involved  were  open  motorboats.  The  boats'  lengths  were 
known  to  range  from  11  to  20  feet.  Yet,  15  out  of  16  (94%)  of 
these  boats  were  powered  by  outboard  motors. 

The  data  for  engine  types  on  CWAV  type  accidents  shows  a 
relatively  even  mix  of  I /Os  and  outboards,  indicating  that  there 
was  not  necessarily  an  unusually  high  percentage  of  outboards  at 
the  state  level  for  the  accidents  analyzed. 

While  it  is  beyond  the  scope  of  this  project  to  attempt  to 
conclusively  determine  the  reasons  for  this  trend,  it  certainly 
raises  interesting  questions.  It  is  definitely  a  topic  worthy  of 
further  study.  Section  4.10  offers  some  possible  considerations  on 
this  subject. 


4.7.3  Summary  of  Miscellaneous  Data 

A  summary  of  the  data  tabulated  from  the  CWFXO  accidents  by 
other  parameters  is  provided  in  this  section.  Refer  to  section 
4.4.2  on  CWAV  accidents  if  you  need  additional  details  on  the 
category  meanings.  The  number  of  accidents  and  the  condition  in 
which  it  occurred  follows.  The  numbers  in  parentheses  correspond  to 
the  question  numbers  on  the  form  in  Figure  4-3. 

Light  ( 2 ) 
night:  5 

daytime:  15 


Visibility  (3) 
good:  18 
fair:  2 

poor:  1 

Hit  and  Run? 

Yes:  At  least  one 

Vessell  Type  (5) 

open  motorboat:  16  (includes  jonboats) 
canoe:  4  (one  was  really  a  kayak) 

other:  l  (raft) 
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Engine  Type  (7.2) 
outboard:  11 

I/O:  1 

Unknown :  9 

Estimated  Speed  (32) 
v:  1 

h:  7 

m:  1 

1:  6 
u:  6 

V  =  very  high  speed,  estimated  at  40  plus  mph 
h  =  hicih  speed,  on  plane  or  20  plus  mph 
m  =  medium  speed,  just  below  planing  speed,  °5 

speed  but  estimated  below  20  mph  (but  more  than  10  mph) 

1  =  low  speed,  below  hump  speed,  probably  less  than  10  mph 

u  =  unknown 
Type  Impact  (37) 

direct  impact:  0 

penetrating  impact:  2 

glancing  blow:  ^ 

boat  ran  over  top  of  object:  7 

unknown :  ^ 

The  goal  was  to  attempt  to  identify  the  seriousness  of  the 
collision  by  the  type  of  impact.  Each  of  the  above  terms  has 
reliance  to  the  severity  of  deceleration  which  the  boat  would  have 
experienced  during  the  collision.  Penetrating  impact  means  tha 
the  boat  actually  traveled  through  the  object  struck. 
in  the  collision  with  a  boathouse  the  vessel  may  penetrate  one  or 
more  sides  of  the  structure.  A  direct  impact  occurs  ^^^en  the  boat 
strikes  an  object  nearly  straight  on,  and  ^  f,  „ 

immediate  stop.  If  the  boat  were  on  plane,  a 

deceleration  might  be  experienced.  Almost  all  of  the  impacts  with 
an  underwater  object  will  be  considered  as  "boat  ran  over  the  top 
of  the  object". 


4.7.4  Another  Common  Scenario  -  Circling  Outboards 

It  is  not  uncommon  for  the  operator  of  a  small  boat  to  be 
thrown  out  or  fall  out,  only  to  have  the  boat  go  into  a  circle  and 
run  over  him  afterwards.  This  seems  to  occur  most  frequen  ly 
small  open  motorboats  powered  by  outboard  motors.  Several 
situations  have  been  reported  where  the  boat  was  seen  circling  with 
no  one  aboard  at  the  time.  The  operator  was  later  found  washed  on 
shore  or  floating  some  distance  away.  Two  of  the  CWFXO  accidents 
reviewed  reported  that  the  boat  struck  an  object,  threw  out  one 
two  occupants,  circled,  and  ran  over  the  victim.  Many  of  the 
officers  we  worked  with  during  our  field  investigations  had 
investigated  similar  accidents . 
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4.8  Analysis  of  Collisions  With  Floating  Objects  (CWFLO) 


Eight  fatal  CWFLO  accidents  were  reviewed, 
summarizes  the  data  for  persons  on  board,  fatalities, 
thrown  overboard.  The  data  was  carefully  analyzed, 
results  are  summarized  as  follows: 


Figure  4-6 
and  persons 
Significant 


Fifteen  of  the  20  occupants  involved  in  these  accidents 
were  thrown  from  the  boat. 

In  seven  of  the  eight  accidents,  the  boat  was  assumed  to 
have  struck  a  floating  object.  The  object  was  never  seen 
or  located. 

Two  of  the  eight  accidents  involved  small  jonboats. 

At  least  seven  of  the  eight  accidents  involved  outboard 
boats. 


We  will  look  briefly  at  these  in  more  detail. 


4.8.1  Number  of  Persons  Thrown  Overboard 

^  There  were  a  total  of  20  occupants  involved  in  these  eight 
accidents.  At  least  15  of  those  20  (75%)  were  thrown  overboard. 
This  is  the  highest  incident  rate  of  occupants  being  thrown 
overboard  of  the  three  types  of  collisions.  These  accidents 
accounted  for  a  total  of  eight  fatalities,  one  in  each  accident. 
The  cause  of  death  was  reported  as  drowning  for  six  of  the  eight 
Cause  of  death  for  the  other  two  was  not  reported.  No 
information  was  reported  on  any  of  the  six  who  drowned  to  establish 
if  they  were  wearing  a  PFD. 


4.8.2  The  Unknown  Object 

In  seven  of  the  eight  accidents,  the  actual  object  struck  was 
never  seen  or  positively  identified.  The  object  struck  was  often 
just  assumed  to  be  a  floating  log.  One  accident  involved  a  boat 
striking  a  floating  buoy.  This  was  the  only  accident  where  the 
object  struck  was  accurately  identified.  In  three  of  these 
accidents,  only  one  occupant  was  on  board.  The  accident  reports 
for  all  three  presumed  that  the  boat  must  have  struck  an  object  and 
thrown  the  operator  out.  The  logic  seems  to  be  that  ”He  must  have 
hit  something,  why  else  would  the  operator  have  fallen  out  and 
drowned?” 

The  assumptions  made  and  lack  of  evidence  to  support  the 
events  that  actually  took  place  makes  it  difficult  to  determine  if 
this  category  of  accidents  is  accurately  coded.  At  least  three  of 
these  accidents  could  just  as  easily  have  been  coded  as  a  "Falls 
Overboard"  type  accident. 
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4.8.3  More  Jonboats 

Since  we  noted  the  frequency  of  accidents  involving  jonboats 
in  CWFXO  collisions,  it  is  worthwhile  to  continue  this  analysis  in 
this  section  for  CWFLO  accidents.  Two  accidents  involved  14  foot 
aluminum  jonboats.  In  the  first,  a  jonboat  with  two  occupants 
struck  a  buoy.  Both  men  were  thrown  out,  and  one  was  still  missing 
at  the  time  the  report  was  filed.  In  the  second  jonboat  accident 
the  occupant  fell  out  and  drowned.  The  investigating  officer 
assumed  that  the  boat  hit  something,  which  caused  the  occupant  to 
fall  out. 

4.8.4  For  Outboards  Only? 

Outboard  powered  boats  of  varying  lengths  comprised  an 
surprisingly  large  percentage  of  the  boats  involved  in  accidents  in 
this  category.  The  length  of  boats  involved  in  CWFLO  accidents 
ranged  from  14  to  19  ft,  and  yet  at  least  seven  of  the  eight  boats 
were  powered  by  outboard  motors.  There  was  not  sufficient  data 
available  to  attempt  to  explain  why,  but  it  is  an  item  worthy  of 
consideration  of  future  study.  These  trends  are  consistent  with 
those  reported  in  section  4.7.2  on  CWFXO  accidents. 


4.8.5  Miscellaneous  Data 

A  summary  of  the  data  tabulated  from  the  CWFLO  accidents  by 
other  parameters  is  provided  in  this  section.  Refer  to  the  section 
on  CWAV  if  you  need  additional  details  on  the  category  meanings. 
The  number  of  accidents  and  the  condition  in  which  it  occurred 
follows.  The  numbers  in  parentheses  correspond  to  the  question 
numbers  on  the  form  in  Figure  4-3. 

Light  ( 2 ) 
night :  2 

daytime:  4 
unknown :  2 

Visibility  (3) 
good :  6 

unknown :  2 

Hit  and  Run? 

Yes:  None 

Vessel  #1  Type  (5) 
open  motorboat;  7 
unknown ;  1 

Engine  Type  (7.2) 
outboard:  7 

I/O:  0 

Unknown :  0 
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Estimated  Speed  (32) 
v:  2 

h:  2 
m:  0 

1:  0 
u:  4 

V  =  very  high  speed,  estimated  at  40  plus  mph 
h  =  high  speed,  on  plane  or  20  plus  mph 

^  ~  medium  speed,  just  below  planing  speed,  or  near  hump 
speed  but  estimated  below  20  mph  (but  more  than  10  mph) 
1  -  low  speed,  below  hump  speed,  probably  less  than  10  mph 
u  =  unknown 

Type  Impact  (37) 

Type  of  impact  could  generally  not  be  established  with  any 
degree  of  confidence  for  of  these  accidents. 


4.9  A  Word  About  Alcohol 

The  data  found  on  the  reports  can  be  viewed  with  varying 
degrees  of  accuracy  on  the  subject  of  alcohol.  Few  operators  will 
incriminate  themselves  by  indicating  on  the  reports  they  fill  out 
that  they  were  drinking  or  intoxicated  at  the  time  of  the  accident. 
They  will  happily  point  out  that  the  other  operator  probably  was. 
Investigating  officers'  reports  are  likely  to  be  much  more  accurate 
concerning  this  issue  when  they  are  available.  We  were  not  able  to 
obtain  an  investigating  officer's  report  for  every  accident.  Thus, 
a  serious  and  detailed  analysis  of  the  role  of  alcohol  in  these 
accidents  would  likely  be  misleading.  Accident  reports  suggested 
that  alcohol  may  have  been  a  factor  for  at  least  11  of  the  54 
accidents. 


4.10  Possible  Reasons  for  High  Numbers  of  Outboards  in  Accidents 

One  must  first  remember  that  the  detailed  review  of  the  54 
accidents  covered  in  this  chapter  deals  only  with  fatal  accidents. 
Thus,  we  still  do  not  know  what  the  ratio  of  outboards  to  I/Os  is 
for  all  collision  type  accidents  which  would  include  non-fatals. 
The  majority  of  boats  involved  in  CWFXO  and  CWFLO  accidents  are 
outboard  powered.  This  disparity  does  not  apply  to  all  three 
accident  types  however.  For  CWAV  accidents,  the  number  of  I/Os  is 
roughly  the  same  as  the  number  of  outboards.  Thus  it  is  significant 
that  it  is  only  in  the  CWFXO  and  CFWLO  categories  that  this  trend 
appears . 

As  a  group,  outboard  powered  boats  are  lighter  weight  and 
smaller  than  their  I/O  counterparts.  There  is  a  definite 
relationship  between  the  size  of  the  boat  and  the  risk  of 
fatalities  during  a  collision  with  a  fixed  or  floating  object.  The 
smaller,  lighter  boats  will  tend  to  react  more  violently  during  an 
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impact  than  a  heavier,  more  massive  boat  with  all  other  factors 
being  equal.  A  violent  rapid  deceleration  or  acceleration  in 
almost  any  direction  can  easily  throw  a  person  out  of  the  boat. 
Note  that  more  persons  were  known  to  have  been  thrown  out  of  their 
boats  in  CWFLO  and  CWFXO  accidents  than  for  CWAV  accidents.  This 
fact  alone  increases  the  chances  for  the  number  of  fatalities  due 
to  drownings  for  CWFLO  and  CWFXO  accidents. 

A  second  consideration  is  that  the  torque  steer  generated  by 
many  outboards  is  a  phenomenon  not  expected  by  some  operators. 
This  characteristic  can  result  in  an  outboard  traveling  on  plane  to 
suddenly  go  into  a  hard  turn  if  the  steering  wheel  is  released.  To 
the  novice  boat  operator,  this  is  not  what  is  expected.  After  all, 
the  operator  may  deliberately  let  go  of  the  wheel  of  an  automobile 
just  to  see  if  the  front  end  is  still  aligned!  If  the  boat  hits  a 
stump  or  other  object,  the  jolt  from  the  impact  may  not  be  that 
severe.  However,  if  the  impact  is  sufficient  to  cause  the  operator 
to  let  go  or  loose  the  grip  on  the  steering  wheel,  the  boat  may  go 
into  a  hard  turn,  thus  throwing  the  operator  out  of  the  boat.  It 
is  difficult  to  determine  in  these  accidents  if  the  occupant  was 
thrown  out  of  the  boat  directly  because  of  the  impact,  or  because 
the  operator  lost  the  grip  on  the  wheel  and  the  boat  suddenly  went 
into  a  turn. 

A  slightly  different  phenomenon  can  occur  on  small  outboard 
powered  boats  with  tiller  steering,  such  as  jonboats.  The  operator 
generally  has  a  firm  grip  on  the  tiller  and  sits  at  the  rear  of  the 
boat  to  steer.  When  the  boat  strikes  an  object  such  as  a  stump, 
the  operator  can  lose  his  balance  or  slide  to  one  side.  At  this 
point,  two  scenarios  are  possible.  If  the  operator  is  holding  on 
to  the  tiller,  the  boat  may  go  rapidly  into  a  hard  turn.  This 
event  can  throw  the  operator  off  balance.  The  boat  is  now 
literally  turning  out  from  under  him,  tossing  him  over  the  side  of 
the  boat.  The  tendency  will  be  for  the  operator  to  fall  over  the 
side  of  the  boat  nearest  the  inside  of  the  turn.  The  other 
possibility  is  that  after  striking  the  object,  the  operator  slides 
to  one  side,  holds  onto  the  tiller  and  falls  to  the  outside  edge  of 
the  boat.  In  this  situation,  the  boat  may  heel  to  the  outside, 
much  like  a  car  traveling  around  a  corner.  The  heel  to  the 
outside,  coupled  with  the  lateral  acceleration  experienced  by  the 
operator  due  to  the  turn,  may  combine  to  throw  the  operator  out 
(toward  the  outside  of  the  turn) .  The  motor  is  left  running, 
turned  hard  to  one  side,  and  the  risk  that  the  boat  will  go  into  a 
circle  and  strike  the  operator  is  now  present. 

Boat  operators,  especially  novices,  do  not  stop  to  think  about 
how  their  machine  differs  from  the  car  they  regularly  drive,  or 
about  how  much  different  the  marine  environment  differs  from  the 
familiar  roadways. 

Developing  solutions  to  the  above  problem  will  be  a  difficult 
and,  no  doubt,  a  controversial  task.  Developing  the  best  solutions 
may  require  more  detailed  and  broad  based  information  than  that 
presented  here.  The  possible  range  of  solutions  falls  into  two 
forms,  active  and  passive  solutions.  The  active  solutions  require 
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the  operator  to  take  some  affirmative  action,  while  the  passive 
solutions  are  designed  into  the  boat  and  perform  a  certain 
function  without  action  on  the  operator's  part. 

The  simplest  active  solutions  might  involve  kill  switches  and 
PFDs.  No  doubt  many  deaths  in  CWFXO  and  CWFLO  accidents  could  be 
prevented  if  only  the  occupants  wore  their  PFDs.  Kill  switches, 
which  technology  already  makes  available,  may  lower  the  number  of 
incidents  of  boats  circling  and  striking  the  occupants  after  they 
fall  overboard.  PFDs  are  available  to  any  boater,  and  kill 
switches  are  becoming  commonplace.  Neither  is  effective  if  the 
operator  fails  to  use  them. 

Passive  solutions  might  be  to  develop  outboards  so  that  the 
operator  must  always  have  contact  with  the  throttle  in  order  for  it 
to  remain  in  a  forward  position  when  the  boat  is  in  gear.  That  way 
when  an  operator  falls  out,  he  loses  contact  with  the  throttle,  and 
the  boat  slows  to  idle.  Of  course  a  kill  switch  could  accomplish 
the  same  objective,  but  only  if  the  operator  uses  it.  Another 
consideration  might  be  to  require  that  boats  be  self  centering. 
This  could  be  accomplished  a  number  of  ways,  but  the  concept  would 
be  that  if  a  person  momentarily  lost  his  grip  on  the  steering 
wheel,  that  the  boat  does  not  enter  into  an  immediate  hard  turn. 
This  concept  would  almost  certainly  need  to  be  implemented  with 
either  kill  switches  or  a  similar  concept.  A  boat  traveling 
straight  down  the  channel  at  full  throttle  with  no  one  at  the 
controls  would  cause  a  greater  hazard  to  other  boats  than  one  going 
in  a  circle. 

No  doubt  there  are  many  advantages  and  disadvantages  to  any  of 
these  concepts.  The  purpose  of  this  section  was  not  to  recommend 
a  particular  solution,  but  to  offer  solutions  that  could  be 
considered. 


4. 11  Comments  on  the  Current  Accident  Reporting  System 

The  current  system  of  reporting  and  recording  boating  accident 
data  leaves  much  room  for  improvement.  The  importance  of  obtaining 
good  reliable  accident  data  and  providing  a  meaningful  analysis  of 
that  data  cannot  be  over  emphasized.  This  is  the  information  that 
drives  the  system.  Laws,  regulations,  recommended  practices  and 
voluntary  standards  are  all  created  and  shaped  in  an  effort  to 
correct  or  minimize  whatever  it  is  that  is  identified  as  a  problem. 

Rather  than  provide  a  lengthy  discussion  of  all  the  problem 
areas  encountered,  we  have  provided  a  series  of  recommendations 
that  should  be  considered  when  reviewing  the  current  accident 
reporting  system.  Many  of  these  recommendations,  in  theory, 
represent  current  practice,  but  are  repeated  here  because  reality 
is  dramatically  different!  The  following  summarizes  the 
recommendations  regarding  accident  reporting  and  recording  based  on 
our  experiences  handling  the  data. 
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4.12  Problems  and  Recommendations: 


1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 


Place  more  emphasis  on  the  data  provided  by  the 
investigating  officer  and  less  by  the  boat  operator  for 
all  accidents  where  this  is  possible. 

Accept  only  the  investigating  officer's  data  for  input 
into  the  accident  database  for  fatal  accidents. 


Conduct  a  review  of  fatal  accident  reports  when  they  are 
submitted  by  the  state.  If  the  report  is  incomplete  or 
of  unacceptable  quality,  the  report  should  be  sent  back 
to  the  state  to  be  properly  completed. 


Develop  a  system  for  accurately  recording  injury  types, 
location,  severity,  and  possible  causes  (if  known)  for 
fatal  and  non-fatal  accidents.  Current  accident  reports 
provide  insufficient  information  on  injuries  for  both 
fatal  and  non-fatal  accidents. 

Record  the  location  of  the  occupants  in  each  boat  just 
prior  to  the  accident. 

Record  the  number  of  persons  on  board,  where  they  were 
seated  before  the  accident,  and  which  occupants  were 
thrown  overboard.  At  a  minimum,  the  no.  of  persons  on 
board,  and  the  number  of  persons  thrown  overboard  should 
be  documented. 


Record  the  cause  of  death  for  all  fatalities.  Cause  of 
death  due  to  injuries  should  be  clearly  distinguished 
from  drownings. 


If  cause  of  death  was  drowning,  indicate  if  the  person 
was  wearing  a  PFD.  If  the  person  was  wearing  a  PFD,  note 
the  type,  size,  and  condition  of  the  PFD.  The  following 

questions  should  be  answered:  ^  •  o 

—  Was  the  person  conscious  just  prior  to  drowning. 
-  Did  hypothermia  lead  to  the  drowning? 

Provide  a  simple  diagram  of  the  collision  and  a  narrative 
of  what  happened. 

Fill  in  all  of  the  applicable  information  on  the  current 
USCG  accident  report  form. 


Provide  training  and  training  materials  to  accident 
investigators  explaining  the  report  forms  and  what 
information  is  required  in  each  block. 


Develop  a  special  form  for  collision  accidents  that 
contains  information  blocks  for  both  boats  involved. 
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13. 

14. 

15. 

16. 


Develop  means  to  record  damage  to  boats  and  injuries  to 
occupants.  (The  state  of  Missouri  has  done  an  excellent 
30b  of  developing  forms  in  this  area) . 

Provide  meaningful  analyses  to  look  for  trends  and  common 
denominators  using  more  detailed  data  similar  to  that 
conducted  in  this  chapter. 

Add  jonboat  as  one  of  the  boat  types  on  the  form. 

Add  inflatable  as  one  of  the  boat  types  on  the  form. 
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Boating  Accident  Report  Coding  Instructions 


CASE# 


CASE  NUMBER  ASSTOM^n 


JURISDICTION  -  (Alaska,  New  Hampshire  -  all  waters  Federal) 

Joint  CG  State/Federal  -  1  state  -  2  Unknown  -  9  (non-fatals  only) 
AGE  OF  OPERATOR  -  Code  age  prefixing  a  zero  if  age  is  less  than  10 


Age  unknown  -  code  99 


No  Operator  -  Code  00 


OPERATORS  EXPERIENCE  -  Code  only  for  this  type  of  boat 


No  operator . . • . 0 
Under  20  hrs. . .1 
20  -  100  hrs. * .2 

RENTED  BOAT 


100  -  500  hrs _ 3 

Over  500  hrs . 4 

Unknown . 9 


Yes  -  1 


No  "  2 


Unknown 


^yMBER  OF  PERSONS  ON  BOARD  -  Count  all  people  in  boat  just  prior  to 
accident,  code  directly,  if  less  than  10  prefix  with  0.  If  this  is 
coded  "OO",  then  Mi,  EXP  &  INST  are  coded  "0". 


None  -  00 


Unknown  -  99 


t^yp^boat  ”  received  by  operator  -  coded  only  for  this 


No  operator . 0 

USCG  Auxiliary . 1 

U,S.  Power  Squadron.. 2 
American  Red  Cross... 3 


State . 4 

None . 5 

Other . 6 

Unknown . 9 


^ “  Check  boat  make  and  manufacturer  hull 
letters^of^HIN  from  manufacturers  code  book.  Code  first  3 


Homemade 


Unknown  UUU 


TYPE  OF  BOAT 

Open  Motorboat . 1 

Cabin  Motorboat ....  2 

Auxiliary  Sail . 3 

Sail  Only . 4 

Rowboat . 5 

Jet  ski . 3 


Canoe /Kayak. 
Inflatable. . 
Houseboat . . . 
Other . 


Unknown . 9 
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BULL-MAT  BULL  MATERIAL 


ENGINE 


LENGTH 


YR-BUILT 


MONTH 


. 1  Rubber,  Vinyl,  Canvas...  5 

Aluminum . 2  Other . ^ 

Steel  (metal) . 3  Unknown . 

Fiberglass . 4 

PROPULSION 

Outboard . 1  Sail . . . ^ 

Inboard/Gasoline. . .2  Manual . 

Inboard,  Diesel.... 3  Other . 

Inboard/Outboard. .. 4  Unknown . 

Jet . 5 

HORSEPOWER  -  Coded  directly,  horsepower  is  total  of  multiple 
engines. 

None  -  000  998  or  greater  -  998  Unknown  -  999 

LENGTH  OF  BOAT  -  Rounded  to  nearest  foot,  code  directly,  if  less 
than  10  prefix  "0" 


Sail . ^ 

Manual . 7 

Other . 8 

Unknown . 9 


98  ft.  or  over  -  98 


Unknown  -  99 


YEAR  BOAT  BUILT  -  Last  two  digits  of  year  built. 


Unknown  -  99 


MONTH  OF  ACCIDENT  -  (prefix  ”0”  if  less  than  10) 

DAY  OF  ACCIDENT  -  (prefix  ”0"  if  less  than  10) 

YEAR  OF  ACCIDENT  -  (Code  last  two  digits  in  year  only 
TIME  OF  ACCIDENT  -  (Convert  to  24  hour  clock. 


Unknown  -  99 

TYPWATER  TYPE  OF  BODY  OF  WATER 


1  OCEANS 


2  GREAT  LAKES 


3  BAYS 


4  RIVERS 


5 

LAKES 


Atlantic 

Pacific 

Gulf  of  Mexico 
Gulf  of  Maine 
Lg.  Isl  Sound 


Harbors 


Slough 


Michigan 

Huron 

Ontario 

Superior 


Island  Creek 

Strait  Canal 

Channel  Basin 

Delta  Channel 

Inlets 

Cove 

Narrows 

Sound 

Intra-coastal  Waterway 


Reserv 

oir 

Pond 

Dam 

Pit 


Other  -  6 


Unknown  -  9 
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STATE 


COUNTY 

WEATHER 


TATE  IN  WHICH  ACCIDENT  OCCURRED  -  Using  standard  2  letter  codes. 
It  accxdent  occurred  on  High  Seas  outside  any  state  jurisdiction, 
coded  for  state  in  which  boat  is  numbered  or 

principally  used. 


COUNTY  “  Convert  a  GSA  Code  Book  -  NEVER  CODE  UNKNOWN 
WEATHER 


Clear . 1 

Cloudy . . . 2 

Fog . . 

Unknown . 9 


WAT-COND  WATER  CONDITIONS 

Calm  (Waves  less  than  6”) 


Choppy  (Waves  6”  -  2  '). 
Rough  (Waves  over  2 '-6') 

SEA-TEMP  SEA  TEMPERATURE 

Below  30 . 1 

30  -  39 . 2 

40  -  49 . 3 

50  -  59 . 4 

60  -  69 . 5 

WIND  WIND 

None . . 

Light.  .  (0-6  MPH) . 1 


Moderate . . ( 7-14  MPH )  . . 2 
VIS  VISIBILITY 


Good 

Day. . 1 

Night . 4 

Poor 

Day . . 

Night . 6 


Rain . . 

Snow . . 

Hazy . . 


Very  rough  (Greater 


than  6' ) . . . 4 

2  Strong  Current . 5 

3  Unknown . 9 


70  -  79.  . . 6 

80  -  89 . 7 

90  a  Above . 8 

Unknown . 9 


Strong. . (15-25  MPH)... 3 
Storm.. (Over  25  MPH).. 4 


Unknown . 9 

Fair 

Day . 2 

Night . 5 

Unknown . 9 
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nPT^RATION  RT  TIME  OF  ACCIDENT  -  Code  as  follows 


ATYPEl 


Cruising . . . 

Cruising,  fishing . 

Cruising,  hunting . 12 

Cruising,  sailing . 13 

Maneuvering . 20 

Maneuvering,  docking . 21 

Maneuvering,  undocking . 22 

Maneuvering,  mooring . 23 

Maneuvering,  towing . 24 


Water  skiing . 

Water  skiing,  skier 

Racing . 

Towing . 

Towing,  being  towed 
Drifting . 


skier  down . 31 

. 41 

. 50 

towed . 51 

. 60 


Drifting,  fishing . 61 

Drifting,  hunting, . . 

Drifting,  diving,  swimming. •. 63 

Drifting,  fueling . .  • , . .  64 

At  anchor . . . 

At  anchor,  fishing . 71 

At  anchor,  hunting. ^ 72 
At  anchor,  diving,  swimming.. 73 

At  anchor,  fueling . . 74 

Tied  to  dock . 30 

Tied  to  dock,  fueling . 81 

Other . 

Unknown . 

TYPE  OF  ACCIDENT  -  Examine  all  accident  types  and  choose  all 
are  applicable”! if  more  than  3,  choose  3  most  important)  code  in 
order^Lcident  occurred.  Example:  A  collision  with  a  ^ 

passenger  falls  overboard  and  was  struck  by  the  propeller,  would  b 

coded,  09,  10,  12. 


Grounding . Paliro' 

Swamping . 03  Fans  w^ 

Sinking . 04  Struck  1 

Fire/Explosion  (fuel).  — . 05  Fallen  > 

Fire/Explosion  (other  than  fuel. 06  Other.. 
Collision  with  another  vessel... 07  Unknown 
Collision  with  fixed  object . 08 


Collision  with  floating  object.. 09 

Falls  overboard . 10 

Falls  within  boat . 11 

Struck  by  boat  or  propeller . 12 

Fallen  Skier . 13 

Other . ^0 
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PERSONAL  FLOTATION  DEVICEg  -  For  the  operator  and  up  to  3  passengers /  code 
the  number  which  describes  the  use  and  type  of  Personal  Flotation  Device 
and  whether  the  boater  Survived  or  died. 

No  PFDs  on  board  -  00 

Inadequate  number  of  PFDs  on  bdafd  -  01 


Operator 


Passenger  1 


Passenger  2 


Passenger  3 


Approved,  Accessible,  used 
(By  victims) 

Type  1  “  10 
Type  II  -  11 
Type  III  -  12 
Type  IV  •-  13 
Type  V  -  14 
Type  Unknown  -  1- 

ApproVed,  accessible,  not  used 
(By  victims) 

Type  1-20 
Type  11  -  21 
Type  III  -  22 
Type  IV  -  23 
Type  V  -  24 
Type  Unknown  -  2- 

Approved,  not  accessible,  not  used 
(By  victims) 

Type  1-30 
Type  II  -  31 
Type  111  -  32 
Type  iv  33 
Type  V  -  34 
Type  Unknown  -  3- 

Not  approved,  accessible,  used 
(By  victims) 

Type  1-40 
Type  ll  -  41 
Type  III  -  42 
Type  IV  -  43 
Type  V  -  44 
Type  Unknown  -  4- 


Passenger  4 


Approved,  accessible,  used 
(By  survivors) 

Type  1-15 
Type  II  -  16 
Type  III  -  17 
Type  IV  -  18 
Type  V  -  19 
Type  Unknown  -  1+ 

Approved,  accessible,  not  used 
(By  survivors) 

Type  1-25 
Type  II  -  26 
Type  III  -  27 
Type  IV  -  28 
Type  V  -  29 
Type  Unknown  -  2+ 

Approved,  not  accessible,  not  used 
(By  survivors) 

Type  I  -  35 
Type  11-36 
Type  III  -  37 
Type  IV  -  38 
Type  V  -  39 
Type  Unknown  -  3+ 

Not  approved,  accessible,  used 
(By  survivors) 

Type  1-45 
Type  II  -  46 
Type  Ill  -  47 
Type  IV  -  48 
Type  V  -  49 
Type  Unknown  -  4+ 


WFiiJV.lll.JWll  —  «*-r 

Uot  approved^  accessible,  and  not  used  (By  victims)  -  50 

Not  approved,  accessible,  and  not  used  (By  survivors)  -  55 

Not  approved,  not  accessible,  and  not  used  (By  victims)  -  60 

Not  approved,  not  accessible,  and  not  used  (By  survivors)  -  65 

Othet  79 

Unknown  99 


Figure  4-2  (page  5) 


P  DAMAGE 

NDROWN 

NVICTIMS 

NINJURED 

NVESSELS 
CAUSE 1 


PROPERTY  DAMAGE  -  If  over  $200  round  to  nearest  $100  -  in  units  of  $100 
If  less  than  $200  do  not  code.  Code  damage  to  this  vessel  only. 

NUMBER  OE  DROWNINGS  -  This  vessel  only. 

NUMBER  OF  OTHER  VICTIMS  -  This  vessel  only  -  death  other  than  drownings, 
do  not  count  those  coded  as  drownings. 

NUMBER  OF  PERSONS  INJURED  -  Persons  receiving  medical  treatment.  This 
vessel  only. 

NUMBER  OF  RECREATIONAT.  VESSELS  INVOLVED  -  Code  recreational  vessels  only. 

CAUSE  OF  ACCIDENT  -  Select  a  cause  for  the  accident  type  coded^  in  type^  of 
accident  and  code  in  cause.  If  additional  types  were  coded,  select  a 
cause  for  each  accident  type  if  needed.  If  fewer  than  three  accident 
types  were  selected  code  applicable  causes  from  any  cause  group. 

CAPSIZING  -  02.  SWAMPING/FLOODING  -  03,  SINKING  -  04 


Load  related 


01  Overloaded 

02  Improper  weight  distribution 

03  Standing  or  sitting  on  gunnel,  bow  or  transom 

04  Movement  of  passengers 

05  Hoisting  or  lowering  anchor 


06  Water  entered  vessel  over  transom,  gunnel  or  bow 

07  Water  entered  vessel  through  hull  via  drains/vents/hole/crack/e  c. 


08  Force  of  wake  or  wave  striking  vessel 
09  Loss  of  stability  during  high  speed  maneuver 

10  Loss  of  stability  in  strong  current,  weather,  rapids,  white  water, 

etc . 


FIRE /EXPLOSION  (Fuel  related  -  05,  othex_ 


lioment  failure 


11  Fuel  system  (leaking  fuel  lines,  etc.) 

12  Electrical  system  _ 

13  Auxiliary  equipment  (stoves,  heaters,  refrigerators,  etc.) 


Miscellaneous 


14  Ignition  of  spilled  fuel  or  vapor 

15  Misuse  of  source  of  heat  (lanterns,  heaters,  stoves,  etc.) 

99  Unknown 
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OVERBOARD  -  10,  FALLS  WITHIN  BOAT  ~  11 

16  Falls  during  sharp  turns  or  acceleration 

17  Wave  or  wake  striking  vessel 

IQ  while  moving,  standing,  or  leaning  over  edge  of  boat 

irt  Sitting  on  gunnel,  transom,  bow,  back  of  seat,  etc. 

20  Slippery  surface 

98  Other 

99  Unknown 


COLLISION  "  07,  GROUNDING  -  01,  STRUCK  BY  BOAT  OR  PROPELLER  -  12 
COLLISION  WITH  FIXED  OBJECT  -  08 >  COLLISION  WITH  FLOATING  OBJECT  -  09 


21 

22 

23 

24 

25 


26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

98 

99 


Failure  to  detect  hazard 
Improper  lookout 

Poor  visibility  (rain,  fog,  darkness,  etc.) 

View  obstructed  (bow  in  air,  sun  glare,  bright  lights,  etc.) 
Submerged  object  (logs,  rocks,  swimmer,  diver,  etc.) 

Operator  inattention  or  carelessness 

Miscellaneous 

Other  equipment  failure 
Rules  of  the  Road  infraction 
Speeding 

Improper  navigation  lights 

Starting  in  gear 

Navigational  error 

Other  vessel/operator  at  fault 

Strong  current,  rough  waters,  weather,  etc. 

Steering  system  failure  (cable,  pulleys,  fittings,  etc.) 

Seat  breaking  loose 
Overpowered  boat 
Bridge  tender  error 
Sail  demasting 
Throttle  failure 
Shift  failure 
Engine  failure 
Inexperience  of  operator 
Collision  with  sailboard 
Unfamiliarity  with  waters 
Other 
Unknown 
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DESCRIPl 

DESCRIP2 

DESCRIP3 

DESCRIP4 


ACCIDENT  DESCRIPTORS 
descriptors  from  the 
fields  blank. 


-  Select  up  to  a  maximum  of  three  accident 
following  list  where  needed.  Leave  unused 


01  Could  not  reach  fire  extinguisher 

02  fire  extinguisher  not  serviceable 

03  Attempted  to  fight  fire 
04  No  extinguisher 

05  Extinguisher  not  adequate 

06  Put  PFD  on  in  water 

07  Victim(s)  trapped  under  boat 

08  Clung  to  boat 

09  Could  not  hang  on  to  boat 

10  Boat  rolling  or  slippery 

11  Could  not  right  boat 

12  Left  boat /swam  for  shore 

13  Exposure 

14  Shock 

15  Hypothermia 

16  Injured  upon  entering  water 

17  Deck  fitting  failed 

18  Exhaustion 

19  Lack  of  swimming  ability 

20  Runaway  boat  (engine  running  without  operator) 

21  Boat  found  upright  drifting 

22  Boat  found  capsized 

23  Ran  out  of  fuel 

24  Assisted  others 

25  Help  was  nearby 

26  Caught  in  heavy  surf 

27  Boat  went  over  dam  or  spillway 

28  White  water  canoeing/rafting/kayaking 

29  Boat  found,  body  found,  no  witnesses 

30  Boat  hit  by  lightning 

31  Medical  complications  contributed  (heart  attack,  etc.) 

32  Standing  in  boat  starting  engine 

33  Improperly  moored  ^  ^ 

34  Lack  of  visual/electronic  distress  signals  contributed 

35  Lack  of  sound  producing  devices  contributed 

36  Lack  of  communications  capability  contributed 

37  Lack  of  anchor  contributed 

38  Lack  of  bailing  device  contributed 

39  Hit  and  run 

40  Wake  of  other  vessel  contributed 

41  Improper  ventilation 

42  Failure  to  vent  before  starting  ^ 

43  Improper  navigational  aid  contributed  (buoy  off  station/buoy 

unlighted) 

44  Victim  entangled  in  lines 

45  Lines  entangled  in  propeller 

46  Operating  in  congested  area 

47  Contact  with  power  lines 

48  Alcohol  involved 

49  Drugs  involved 

50  Coast  Guard  was  directly  involved 

51  Swimmer  or  diver  involved 

52  Inner  tubes,  kites,  etc.  involved 

53  Water  skiing  accident 

54  Carbon  monoxide 

55  One  or  more  PFDs  not  serviceable 

56  One  or  more  PFDs  not  properly  used 

57  One  or  more  PFDs  not  properly  adjusted 

58  One  or  more  PFDs  not  sized 

59  Struck  by  boat 

60  Struck  by  propeller 
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61 

95 

96 

97 

98 

99 


Unable  to  determine  if  struck  by  boat  or  propeller 
Unable  to  determine  if  operator  contributed  to  fault 
Operator  contributed  to  fault 
Operator  did  not  contribute  to  fault 
Collision  with  commercial  vessel 

Information  not  available  for  other  boat(s)  involved 
collision 


in 
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TIMES  USING  24  HOUR  CLOCK 


AM 


12:01 

1:30 

- 

01 

1:31 

- 

2:30 

- 

02 

2:31 

- 

3:30 

- 

03 

3:31 

- 

4:30 

- 

04 

4:31 

- 

5:30 

- 

05 

5:31 

- 

6:30 

- 

06 

6:31 

- 

7:30 

- 

07 

7:31 

- 

8:30 

- 

08 

8:31 

- 

9:30 

- 

09 

9:31 

- 

10:30 

10 

10:31 

- 

11:30 

- 

11 

11:31 

- 

12:00 

- 

12 

PM 


12:01 

- 

12:30 

- 

12 

12:31 

- 

1:30 

- 

13 

1:31 

- 

2:30 

- 

14 

2:31 

3:30 

- 

15 

3:31 

- 

4:30 

- 

16 

4:31 

- 

5:30 

- 

17 

5:31 

- 

6:30 

- 

18 

6:31 

- 

7:30 

- 

19 

7:31 

- 

8:30 

- 

20 

8:31 

- 

9:30 

- 

21 

9:31 

- 

10:30 

- 

22 

10:31 

- 

11:30 

- 

23 

11:31 

- 

12:00 

24 

STATE  CODES  AND  CASE  NUMBERS 


Alabama . AL  -  01000-01999  Nevada . 

Alaska . AK  -  02000-02999  New  Hampshire. . . 

Arizona . AZ  -  03000-03000  New  Jersey . 

Arkansas . AR  -  04000-04999  New  Mexico . 

California . CA  -  05000-07999  New  York . 

Colorado . CO  -  08000-08999  North  Carolina. . 

Connecticut . CT  -  09000-09999  North  Dakota - 

Delaware . DE  -  10000-10999  Ohio . 

Dist.  of  Col . DC  -  11000-11999  Oklahoma . 

Florida . FL  -  12000-13999  Oregon . 

Georgia . GA  -  14000-14999  Pennsylvania - 

Hawaii . HI  -  15000-15999  Rhode  Island - 

Idaho . ID  -  16000-16999  South  Carolina.. 

Illinois . IL  -  17000-17999  South  Dakota.  .  .  . 

Indiana . IN  -  18000-18999  Tennessee . . 

Iowa . .  -  19000-19999  Texas . 

Kansas . KS  -  20000-20999  Utah . . 

Kentucky . KY  -  21000-21999  Vermont . 

Louisiana . LA  -  22000-22999  Virginia . 

Maine . ME  -  23000-23999  Washington - 

Maryland . MD  -  24000-25999  West  Virginia.  .  . 

Massachusetts . MA  -  26000-26999  Wisconsin . 

Michigan . MI  -  27000-28999  Wyoming . 

Minnesota . MN  —  29000—29999  Guam . . 

Mississippi . MS  —  30000—30999  Puerto  Rico . . 

Missouri . MO  -  31000-31999  Virgin  Island.  .  .  , 

Montana . MT  -  32000-32999  American  Samoa.  . 

Nebraska . NE  -  33000-33999  Northern  Marianas 


.NV  -  34000-34999 
NH  -  35000-35999 
,NY  -  36000-37999 
,NM  -  38000-38999 
,NY  -  39000-40999 
•NC  -  41000-41999 
,ND  -  42000-42999 
.OH  -  43000-43999 
-OK  -  44000-44999 
.OR  -  45000-45999 
.PA  -  46000-46999 
.RI  -  47000-47999 
,SC  -  48000-48999 
.SD  -  49000-49999 
.TN  -  50000-50999 
.TX  -  51000-52999 
.UT  -  53000-53999 
.VT  -  54000-54999 
.VA  -  55000-55999 
.WA  -  56000-57999 
.WV  -  58000-58999 
.WI  -  59000-60999 
.WY  -  61000-61999 
.GU  -  62000-62999 
.PR  -  63000-63999 
.VI  -  64000-64999 
.AQ  -  65000-65999 
. 66000-66999 


Figure  4-2  (page  10) 


COLLISION  ACCIDENT  REPORT  FORM  DATA  SHEET 

A.  Accident  ID  No.: 

B. Date  of  Accident: 


1.  ACC.  Type 

a.  CWAV 

b.  CWFXO 

c.  CWFLO 

d .  Grnding 

2 .  Light 

a .  daytime 

b.  nighttime 

c .  dusk 

u .  unknown 


lA.  Hit  and  Run? 

a.  Yes 

b.  No 


3.  Visibility 

a .  good 

b.  fair 

c.  poor 

u .  unknown 


VESSEL  DESCRIPTION 


VESSEL  NO  1. (Impacting) 

Length  (ft)  _ 

Type  of  Vessel 

a .  open  motorboat 

b.  full  cabin  boat 

(cruiser,  w/steering  in  cabin) 

c.  cuddy  cabin  boat 
(steering  not  inside  cabin) 

d.  cabin  boat  general 

(b  or  c,  but  don't  know  which) 

e .  other 


VESSEL  NO.  2. (Struck) 


Type  of  Vessel 

a. 

b. 


If  5b,  operator  was  steering  from 

a.  inside  the  cabin 

b.  outside  the  cabin 
u .  unknown 


Manufacturer  or  Model  of  Boat 


7A.  Manufacturer  of  engine:  llA.  _ 

7-1  HP  _  11.1  _ 

7.2  Type  engine  a.  OB  11.2  a. 

b.  I/O  b. 

c.  I  c. 
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ACCIDENT  DATA  ON  OCCUPANTS 


VESSEL  NO  1. (Impacting)  VESSEL  NO.  2. (Struck) 

12.  No.  occupants  _  17. - 

13.  No.  injured  _  18. - - - 

14.  No.  fatalities _  19- - - 

15.  Location  of  occ.  20.__ _ _ _ 

inj . /killed 


15 A.  No.  thrown  overboard  20A. 


15B.  No.  Deaths  by  drowning 

that  were  thrown  overboard:  2 OB. 


16.  Comments  on  cause  of  21. 

inj . /death  on  occ  not 
thrown  overboard: 


CWAV  SUBCATEGORIES 

22.  Collision  Basic  Situation 

a.  Both  Vessels  Moving 

b.  Vessel  No.  1  Moving,  Vessel  No.  2  Stationary 

c.  Vessel  No.  1  Moving,  Vessel  no.  2  moving  very  slowly  relative 

to  impacting  vessel 
u .  unknown 

23.  Estimated  Speed  of  Vessel  No.  2  (Struck  Vessel),  if  22a,  or 

22c  above: 

a.  Very  High  Speed,  estimated  at  40  plus  mph 

b.  High  speed,  on  plane  or  20  plus  mph 

c.  Medium  Speed,  below  planing  speed,  less  than  20  mph 

d.  Low  Speed,  below  hump  speed,  probably  less  than  10  mph 
u .  unknown 

24.  Estimated  Speed  of  Vessel  No.  1,  Impacting  Boat: 

a.  Very  High  Speed,  estimated  at  40  plus  mph 

b.  High  speed,  on  plane  or  20  plus  mph 

c.  Medium  Speed,  below  planing  speed,  less  than  20  mph 

d.  Low  Speed,  below  hump  speed,  probably  less  than  10  mph 
u .  unknown 


Figure  4-3  (page  2) 


25.  Type  of  Impact: 

Striking  Vessel  travels  over  the  top  of  the  second 

b.  Striking  Vesel  travels  into  and/or  though  the  second 
vessel 

c.  Vessel  No.  l  makes  contact  with  second,  but  it  is  a 
Glancing  Blow  or  Partial  Impact,  and  does  not  travel 
through  or  over  the  second. 

d.  Combination  of  one  or  more  of  the  above,  circle  as 
applicable 

u.  Totally  unknown 

26.  Initial  contact  area  of  impacted  boat.  Vessel  No.  2: 

a.  Bow 

b.  Stbd  Fwd  quarter 

c.  Stbd  side  amidships 

d.  Stbd  rear  quarter 

e .  Stern 

f.  Port  rear  quarter 

g.  Port  side  amidships 

h.  Port  fwd  quarter 

27.  Initial  contact  area  of  impacting  boat  or  Vessel  No.  1: 

a.  Bow 

b.  Stbd  Fwd  quarter 

c.  Stbd  side  amidships 

d.  Stbd  rear  quarter 

e .  Stern 

f.  Port  rear  quarter 

g.  Port  side  amidships 

h.  Port  fwd  quarter 

28.  Direction  of  Impact  from  Vessel  Two's  Perspective 

29.  Relative  Size  of  Vessels: 

a.  About  the  same  size 

b.  Similar  length  but  different  types  of  boat 

c.  One  significantly  larger  than  the  other 

30.  Size  and  Geometry  (If  29c  above) 

a.  Large  vessel  impacted  smaller  one 

b.  Small  vessel  impacted  the  larger  onel 

c.  Both  vessels  equally  involved  in  impact 
u .  unknown 

FOR  COLLISIONS  WITH  FLOATING  OR  FIXED  OBJECT: 

3 1 .  What  was  ob j  ect  struck? 

32.  Estimated  speed  of  vessel  prior  to  impact: 

a.  Very  High  Speed,  estimated  at  40  plus  mph 

b.  High  speed,  on  plane  or  20  plus  mph 

c.  Medium  Speed,  below  planing  speed,  less  than  20  mph 

d.  Low  Speed,  below  hump  speed,  probably  less  than  10  mph 
u .  unknown 
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33.  Number  of  occupants: 

34.  Number  of  injured: 

35.  Number  of  fatalities: 

36.  Location  of  occupants: 

37.  Type  of  Impact:  ,  ^  4. 

a.  direct  impact,  bow  nearly  centered,  immediate  stop 

b.  glancing  blow 

c.  boat  ran  over  top  of  object 

d .  other 

38.  Describe  damage  to  vessel  _ _ _ _ _ 


39.  Did  boat  swamp,  sink  or  capsize  after  collision?  Which? 

40.  Comments  regarding  injuries,  occupant  locations.  What  caused 
innuries/fatalities?  Document  relationship  of  injuries  to 
occupants  and  their  locations. 

41.  Additional  Information: 

a.  weather 

b.  sea  state 

c.  HP  of  boat  1  (already  covered) 

d.  alcohol  involved? 

e.  operator  standing  or  sitting? 

f.  evidence  of  mechanical  failure? 

g.  operator  age,  years  of  experience,  training  . 

h.  estimates  of  freeboard  at  impact  points  of  impacting  boat  s 
bow  and  impacted  boat  at  point  of  impact 

i.  Attempts  at  evasive  action? 

42.  Opinion  of  officer  as  to  cause: 


43.  Diagrams  or  Notes: 
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Summary  Of  Occupant  Data,  CWAV 


Vessel  No.  1 


Sum  of  VIPOB:  72 
Sum  of  VlNoInj:  14 
Sum  of  VlNoFatal:  9 
Sum  of  VlNoTOB:  11 
Sum  of  VlDrwnd:  7 
Sum  of  VlNoWOPFD:  5 


Vessel  No.  2 


Sum  of  V2P0B  68 
Sum  of  V2NoInj :  23 
Sum  of  V2NoFatal:  20 
Sum  of  V2NOT0B:  18 
Sum  of  V2Drwnd:  6 
Sum  of  V2NOW0PFD:  3 


KEY: 

VI 

Vessel  No.  1 

V2 

= 

Vessel  No.  2 

POB 

= 

Persons  on  Board 

No  Inj. 

z= 

No.  Injured 

No  Fatal 

= 

No.  Fatally  Injured 

NoTOB 

= 

No.  Thrown  Overboard 

Drwnd 

= 

No .  Drowned 

NoWOPFD 

No.  Who  Were  Not  Wearing  PFD 

Figure  4-4 


Collisions  With  Fixed  Object 
Summary  Data 


Sum  of  VIPOB:  66 
Sum  of  VlNoInj :  17 
Sum  of  VlNoFatal:  23 
Sum  of  VlNoTOB;  40 
Sum  of  VlDrwnd;  12 
Sum  of  VlNoWOPFD:  5 


KEY: 

VI 

= 

Vessel  No.  1 

V2 

= 

Vessel  No.  2 

POB 

= 

Persons  on  Board 

No  In j . 

= 

No.  Injured 

No  Fatal 

= 

No.  Fatally  Injured 

NoTOB 

= 

No.  Thrown  Overboard 

Drwnd 

= 

No .  Drowned 

NoWOPFD 

No.  Who  Were  Not  Wearing  PFD 

Figure  4-5 


Collisions  With  Floating  Object  (CWFLO) 
Summary  Report 
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CHAPTER  5 


THE  DIFFERENCE  IN  ENVIRONMENTS 
Between  the  Boat  and  Auto 


5.0  Introduction 

Boat  collisions  are  vastly  different  from  automobile 
collisions  for  a  variety  of  reasons.  Obviously,  there  are 
differences  between  boats  and  cars,  but  there  are  also  dramatic 
differences  in  the  environment  in  which  each  operates.  The 
purposes  of  this  chapter  are  to  examine  the  ways  in  which  the 
boating  environment  differs  from  that  of  the  automobile,  and  to 
understand  how  these  differences  affect  collision  accidents. 


5.1  The  Environment-  Stop  Signs,  Yellow  Lines,  and  Channel  Markers? 

The  most  obvious  difference  between  auto  and  boat  collisions 
is  the  environment  in  which  they  occur.  Automobiles  are  blessed 
with  good  roads,  well  marked  traffic  control  devices,  and  clear 
enforceable  traffic  laws. 

Boats  have  the  freedom  to  travel  in  any  direction.  The  laws 
governing  right  of  way  vary  from  one  state  to  another.  We  even 
encountered  one  state  that  had  not  incorporated  any  specific  rules 
of  the  road  into  their  boating  laws.  There  are  no  waterborne 
equivalents  to  stop  lights,  yield  signs  or  other  similar  devices. 
Boaters  frequently  have  channel  markers  and  no  wake  zones  to  abide 
by,  but  only  limited  devices  (buoys)  to  control  traffic  flow  at 
aquatic  intersections. 

One  obvious  advantage  of  the  closely  controlled  environment  of 
the  automobile  is  that  an  accident  investigator  generally  knows 
which  direction  each  vehicle  was  traveling.  There  is  not  much  in 
question  about  which  street  the  car  was  on,  or  whether  it  came  from 
the  left  or  the  right.  The  boating  accident  investigator,  however 
can  make  no  assumptions  about  speed  or  direction  of  travel  based  on 
the  accident  site. 


5.2  The  Operator  -  Dad,  Can  I  Drive? 

Operator  Experience  and  Capability 

Operators  of  varying  ages,  experience  levels,  health 
conditions,  and  capabilities  may  be  found  operating  either  a  boat 
or  an  automobile.  While  there  are  variations  in  both  environments, 
far  fewer  assumptions  can  be  made  about  the  operator  of  a  boat. 
The  operator  of  an  automobile  is  generally  at  least  16  years  of  age 
and  has  an  operator's  license.  Today,  most  youth  go  through  a 
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driver's  education  class,  drive  with  a  permit  ^ 
r-orrniypc;  'hhat  ail  exp©risTic6d  opGiratoiT  b©  pr©s©nt,  and  f  y  ^ 

ISli  ?lr  theird?ivS's  licenL.  To  obtain  the  license,  a  written 
Sat  an  evJ  exam,  and  a  road  test  with  an  examiner  present  is 
Th©  aov©rnin©nt  has  put  a  mechanism  in  place  to  ensure 
S??  neoile^  n  Te  fTmiliar  with  the  laws;  2)  can  physically  see 
weU  enough  to  perform  the  tasks  of  an  operator;  and  3)  perfo^ 
basic  vehicle  operations  in  a  safe  manner  with  an  examiner  present. 
Anvine  reading  this  report  is  most  likely  familiar  with  this 
process.  It  is  worth  repeating  because  of  the  stark  contrast  t 
the  requirements  for  operating  a  boat. 

AS  a  aeneral  rule,  the  operator  of  a  recreational  boat  may  be 
anv  aqS  in  any  physical  condition,  and  at  any  experience  level. 
?n  most  cLes  there  is  no  training  or  licensing  required  to 
operate  any  recreational  boat,  regardless  of  its  size, 
orootential  speed.  As  of  this  writing,  certain  states  are 
cons^idering  legislation  which  would  require  minimum  ^9® 
licensing, ^and^ other  measures  to  provide  some 

prolillen^y  but  few  states  have  actually  adopted  such 
requirements. 

5.3  The  Question  of  Alcohol 

An  important  distinction  to  make  between  recreational  boats 
and  automoMles  is  that  in  boats  the  emphasis  is  placed  J^^® 
"recreational."  Thus,  the  careful 

never  think  of  drinking  and  driving,  picks  up  a  few  cases 
favorite  beverage  on  the  way  to  the  lake.  The  bottom  line  is  that 
Lcohol  may  be  even  more  of  a  problem  ^he  'va^®^ 

hiahwav  in  terms  of  the  percentage  of  accidents  in  which  alcohol 
was  a  contributing  factor.  The  law  enforcement  community  as  a 
whole  has  stepped  %  efforts  to  adopt  and  enforce  s®”*® 
a  boating  under  the  influence  (BUI)  law,  or  ®  . 

intoxicated  (BWI)  law.  Many  experts  give  credit  for  reduced 
fatality  rates  in  recent  years  to  the  law  enforcement  community  and 
increased  efforts  in  boater  education. 


5.4  The  Vehicle 

The  differences  between  boats  and  cars  go  far  beyond  the 
obvious  We  all  know  that  boats  do  not  have  wheels,  and  cars  do 
nor?^oat,  at  least  not  for  long.  The  important  differences  lie  in 

the  operator's  environment.  Many  of  these  J^®^® 

pointed  out  in  Boating  Safety  Circular  no.  72  published  by  the  USCG 

Lcreational  Boating  Products  Assurance  Branch,  we°will  only 

be  the  subject  of  a  research  project  by  itself,  so  we  will  only 

highlight  a  few  important  differences. 
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5.4.1 


All  Sizes  and  Shapes 


Automobiles  are  generally  thought  of  as  coming  in  all  shapes 
and  sizes.  Compared  to  boats,  this  is  not  really  the  case.  In 
fact,  most  cars  are  less  than  20  feet  long,  8  feet  wide,  and  under 
5,000  pounds.  An  average  car  cruises  comfortably  at  65  mph  and  has 
^  speed  ranging  from  90  to  120  mph.  Cars  also  have  four 
wheels,  an  energy  absorbing  suspension  system,  and  brakes  for 
stopping. 


Recreational  boats  range  anywhere  from  small  dinghies  eight 
feet  in  length  to  large  luxurious  yachts  over  100  feet  long.  A 
dinghy  may  weigh  under  100  pounds,  and  large  boats  displace  many 
tons.  The  typical  boater  has  a  boat  from  16  to  26  feet  in  length, 
with  a  top  speed  of  35  to  45  mph.  America  has  recently  witnessed 
an  obsession  with  speed  as  an  increasing  number  of  boats  travel  up 
to  100  mph  right  from  the  dealership.  Boats  have  differing 
fundamental  hull  shapes,  such  a  the  V-hull,  tri-hull,  pontoon 
boats,  flat  bottom,  and  round  bottom,  to  name  a  few.  Each  hull 
type  reacts  differently  in  an  accident. 

The  competent  automobile  driver  can  generally  go  from  one 
vehicle  to  another  and  operate  it  under  normal  conditions  with  the 
same  degree  of  skill  and  efficiency.  On  the  other  hand,  the 
operator  of  a  16  foot  ski  boat  may  purchase  a  35  foot  cruiser  and 
find  himself  suddenly  inadequate  at  even  the  most  basic  maneuvers, 
such  as  docking.  The  wide  variety  of  boat  types,  lengths,  and 
o^'[tiance  characteristics  means  that  the  possible  combinations  of 
boats  involved  in  a  collision  are  greater  than  for  automobiles.  If 
an  automobile  accident  investigator  takes  into  account  that  cars 
can  run  into  tractor  trailers,  freight  trains,  and  an  occasional 
bulldozer  or  crane,  then  perhaps  the  numbers  of  possible 
combinations  are  a  little  closer  to  that  of  the  boating 
environment . 


5.4.2  Operator's  Environment 

The  differences  between  the  boat  and  the  automobile  can  be 
divided  into  two  areas:  the  operator's  environment,  and  the 
crashworthiness  of  the  vehicle.  The  first  area  includes  all  the 
tools  necessary  for  the  operator  to  operate  his  vehicle  safely, 
thus  minimizing  the  chances  of  a  collision  occurring.  The  second 
includes  how  well  the  operator  (and  passengers)  are  protected  in 
the  event  that  an  accident  does  occur. 


5.4.3  Operator  Controls  and  Visibility 

The  operator  of  an  automobile  sits  in  a  comfortable  padded 
seat  with  a  sturdy  frame  designed  to  remain  attached  to  the 
floorpan  during  an  accident.  The  controls  are  well  placed  so  that 
he  does  not  have  to  leave  his  driver's  position  to  operate  them. 
The  windshield,  side,  and  rear  glass  offer  good  visibility  and 
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minimum  glare.  Windshield  wipers  are  concealed  from  the  'J^^^er's 
until  needed  Defrosters  can  remove  fog  from  the  windshield 
riL  Bcments  Rear  window  wipers  and  side  window  detoggers  are 
now  becoming  more  common.  The  operator  and  passengers  are  protected 
by  padded  surfaces,  collapsible  steering  wheels,  three  point  seat 
belts,  and  often,  air  bags. 

The  boat  operator  has  quite  a  different  situation.  When  the 
ooerator  sits  down  in  the  seat  of  many  16  to  26  foot  motorboats, 
?h:  wfndshleld  frame  may  Is  at  eye  level  or  slightly  above 
Immediately/  he  must  contend  with  the  frame  blocking  par 
iis?oi  I^the  is  a  bow-rider/  he  may  also  permit  passengers 

-FnT-wpi-rd  which  may  further  obstruct  his  vision.  It  must  be 
remembered  that  planing  boats  go  through  a  period  where  the  bow 
risS  while  the  boat  gets  up  on  plane.  Forward  vision  during  this 
transition  period  may  be  completely  obstructed.  To  help  conten 
wi?h  this  sTtuat ion,  the  operator  will  sit  on  his  seat  back  in 
order  to  see  where  he  is  going.  When  he  does  so, 
including  the  throttle,  are  not  within  easy  reach.  This  can  be 
especially  dangerous  since  the  throttle  will  stay  in  the  position 
in  which ^it  was  placed.  This  is  unlike  an  automobile  which 
requires  constant  pedal  pressure  to  keep  the  throttle  engaged, 
except  when  the  cruise  control  is  engaged.  If  the  operator  falls 
out  of  the  boat,  the  throttle  will  remain  engaged  as  the  boa 
travels  on,  unattended.  Windshield  wipers  are  seldom  present  on 
small  boats.  When  they  are  provided,  the  windshield  wipers  an 
motors  themselves  may  obscure  part  of  the  driver  s  vision,  si 
they  are  often  mounted  on  the  top  part  of  the  windshield.  When 
operating,  they  usually  only  clear  a  relatively  small  part  of  the 

windshield. 


5.4.4  Operator  and  Passenger  Protection 

The  operator  of  today's  automobile  is  traveling  in  a  product 
developed  from  more  than  80  years  of  research,  at  a 
billions  of  dollars.  Everything  from  the  bumpers  to 
wheel  is  designed  with  occupant  protection  in  mind. 
is  used  throughout.  The  dash  and  surrounding  surfaces  are  padded, 
ihe  leats  and^seat  belts  meet  strict  structural  requirements  Air 
bags  and  three  point  seat  belts  provide  increased  levels  of 
protection  over  early  production  automobiles. 

In  contrast,  the  operator  of  a  small  powerboat  sits  in  a  seat, 
with  no  federal  minimum  requirements  for  structural  integrity, 
which  may  break  loose  during  an  impact.  The  windshield  frame  is 
often  constructed  from  thin  aluminum  with  the  top  of  the  frame 
right  at  eye  level.  Windshields  with  a  center  opening  section 
frequently  have  sharp  corners  where  passengers  walk  through.  There 
are  no  requirements  to  minimize  glare,  so  bright,  shiny  handrails 
may  reflect  sunlight  back  into  the  operator's  eyes.  Many  boat 
manufacturers  today  are  using  safety  glass;  however,  there  are 
still  no  federal  requirements  for  it. 
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The  boater  starts  off  with  a  slight  disadvantage  in  equipment 
when  compared  to  the  automobile.  The  differences  are  often  subtle 
and  may  not  reveal  their  adverse  affects  except  in  bad  weather,  at 
night,  or  on  crowded  waterways.  Problems  with  the  operator's  poor 
environment  are  revealed  when  an  accident  occurs  that  could  have 
been  avoided  and  injuries  which  should  have  been  minor  resulted  in 
a  fatality. 


5.5  Collision  Differences  at  Night 

Collisions  at  night  are  common  for  both  cars  and  boats,  but 
not  necessarily  for  the  same  reasons.  Collisions  between 
automobiles  may  occur  at  night  because  one  driver  failed  to  see 
another  vehicle;  however,  they  often  occur  for  the  same  reasons 
that  they  do  during  the  day.  Collisions  between  boats  at  night,  on 
the  other  hand,  are  almost  always  because  one  operator  failed  to 
see  the  other  vessel  in  time. 

The  lighting  system  on  boats  is  dramatically  different  from 
that  of  their  four  wheeled  counterparts.  The  lights  on 
recreational  boats  are  often  difficult  to  see.  They  may  blend  in 
with  background  lighting  so  well  that  they  are  unrecognizable. 
Boats  are  not  equipped  with  headlights  like  automobiles. 
Headlights  provide  automobile  operators  with  a  means  to  see  where 
they  are  going.  They  also  provide  a  great  method  of  spotting  other 
vehicles,  even  while  they  are  a  great  distance  away.  Small  boats  at 
anchor  may  only  have  a  single  white  light  at  the  stern  of  the  boat. 
This  single  light  can  be  especially  difficult  to  detect  at  night, 
when  background  lighting  on  a  shore  is  present. 

It  is  not  uncommon  for  a  boat  operator  to  literally  drive  over 
an  anchored  boat  at  night,  and  report  that  he  never  saw  it.  This 

of  occurrence  has  been  documented  with  alert,  fully  sober 
operators.  The  obvious  question  in  these  cases  is  "Did  the 
anchored  boat  have  lights  on?"  Many  night  time  collisions  occur 
even  when  both  boats'  lights  are  operating  properly.  The  point  to 
be  made  is  that  the  lighting  system  on  boats  does  not  afford  the 
same  kind  of  visibility  as  those  on  automobiles.  To  avoid  an 
accident,  an  operator  must  still  maintain  a  sharp  lookout,  and  keep 
speeds  down  to  a  reasonable  level  when  traveling  at  night. 

It  has  been  documented  that  many  navigation  lights  currently 
installed  on  recreational  boats  do  not  meet  the  minimum  visibility 
requirements  required  by  USCG  regulations.  As  a  result,  it  is 
difficult  to  determine  the  adequacy  of  the  current  navigation  light 
requirements  since  it  is  unknown  how  many  boats  have  lights  which 
actually  comply  with  the  regulations.  A  first  step  toward 
addressing  the  problem  of  collisions  at  night  may  be  for  the  USCG 
to  take  stronger  measures  to  ensure  that  navigation  lights 
installed  on  today's  recreational  boats  meet  the  minimum 
requirements. 
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5.6  Effects  of  the  Environment  on  the  Operator 

Much  research  has  been  conducted  to  determine  how  various 
environmental  factors  affect  the  human  body.  Sun,  wind,  vibration, 
S^noiL  are  all  factors  that  may  be  present  in  either  boats  or 
cSrs?  There  is  little  question  that  the  boater's  environment  is 
generally  more  severe  than  that  of  the  automobile  operator. 

An  automobile  is  equipped  with  a  suspension  ^hat 
minimizes  the  shock  of  bumps  and  the  vibration  of  the  roadway. 
Even  the  seat  has  its  own  built-in  isolation  system  to  provide 
comfort  to  the  driver.  Autos  (except  convertibles)  have  enclosed 
passenger  cOBpartments,  which  'protect  the  occupants  from  direct 
exposure  to  the  elements,  such  as  sun  and  wind. 

In  contrast,  the  boater  may  spend  all  day  in  an  open 
motorboat  directly  subjected  to  the  sun  and  wind.  Vibration  and 
shock  levels  when  cruising,  especially  on  rough 

an  operator  rather  quickly.  Fatigue,  decreased  reaction  times,  and 
impaired  judgement  are  but  a  few  ways  that  the  boat  operator  is 
affected  by  his  environment.  When  these  effects  are  combined  with 
alcohol,  a  potentially  fatal  combination  results. 


5.7  Summary 

The  purpose  of  this  chapter  is  not  to  criticize  boats  or  boat 
manufacturers  for  their  differences  when  compared  to  automobiles. 
It  is  simply  to  point  out  some  of  the  ways  that  the  environmen 
the  boat  opLato?  differs  from  that  of  the  automobile  driver.  The 
understanding  of  these  differences  and  their  implications 
essential  to  the  understanding  of  boating  accidents. 

The  reconstruction  of  recreational  boat  collisions  is  a  "task 
that  many  skeptics  consider  impossible.  Many  skeptics  respond 
"There  are  simply  too  many  variables  and  there  are  no  skidmarks  on 
the  water."  Yet  many  boat  collisions  can  be  reconstructed  if 
reconstructionist  understands  boats  and  the  marine  environment. 

Hopefully,  this  chapter  provides  an  enlightening  comparison 
between  automobile  and  boat  collisions.  The  comparison  is  useful 
because  automobile  collisions  are  a  topic  that  is  familiar  to  most. 
It  lets  us  start  on  familiar  ground.  It  is  also  useful  because  it 
allows  us  the  opportunity  to  point  out  some  dramatic  differences 
between  the  two  that  are  not  so  obvious . 
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CHAPTER  6 


COMPARISON  OF  BOAT  AND  AUTO  COLLISIONS 
Skidmarks  on  the  Water 


6.0  Introduction 

The  reconstruction  of  recreational  boat  collisions  is  a  task 
that  many  skeptics  consider  impossible.  Many  skeptics  have 
commented  that  "There  are  simply  too  many  variables  and  no 
skidmarks  on  the  water . "  The  purpose  of  this  chapter  is  to  provide 
an  enlightening  comparison  between  automobile  collisions  and  boat 
collisions.  The  comparison  is  useful  because  automobile  collisions 
are  a  topic  that  is  familiar  to  most.  This  approach  will  let  us 
start  on  familiar  ground  and  then  let  us  gradually  get  our  feet  wet 
as  we  explore  boat  collisions.  We  will  be  able  to  point  out 
important  differences  between  the  two  that  may  not  be  obvious.  Our 
goal  in  this  chapter  is  to  provide  a  brief  overview  of  some  of  the 
significant  differences.  Some  of  these  differences  will  be 
explored  in  more  detail  later. 


6.1  The  Automobile  Reconstructionist  and  the  Flat  World 

The  automobile  reconstructionist  lives  in  a  flat  world.  Most 
automobile  accidents  are  fundamentally  treated  as  two-dimensional 
collisions.  When  was  the  last  time  you  heard  of  an  automobile 
accident  where  one  car  literally  ran  over  the  top  of  another  one? 
Probably  never,  right?  While  it  may  happen  on  occasion,  such 
events  are  definitely  the  exception  rather  than  the  rule. 
Technically,  any  automobile  collision  involves  all  three 
dimensions,  however  two-dimensional  approximations  serve  accurately 
enough  for  most  reconstructions. 

What  we  really  mean  by  two  dimensional  collisions  is  that  the 
collision  process  can  be  considered  to  have  occurred  in  a  plane. 
As  long  as  both  cars  remain  in  contact  with  the  ground,  two 
dimensional  approximations  are  well  suited  for  an  analysis.  Some 
of  the  most  popular  automobile  accident  reconstruction  computer 
programs  are  only  capable  of  performing  a  two-dimensional  analysis. 
This  greatly  simplifies  the  conservation  of  momentum  equations 
often  used  to  estimate  speed.  We  will  study  more  about  this 
technique  later,  but  for  now  it  is  enough  to  remember  that  the 
ability  to  practically  consider  an  automobile  collision  as  a  two- 
dimensional  event  greatly  simplifies  the  analysis. 

In  a  typical  automobile  accident,  two  cars  collide  with  each 
other,  deform,  and  then  continue  on  a  path  consistent  with  the  laws 
of  the  conservation  of  momentum.  The  collision  is  normally 
considered  to  have  occur  in  the  horizontal  plane.  Such  is  not  the 
case  with  a  typical  boat  collision! 
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6.2  The  Two  Boat  Collision  -  Watch  Your  Altitude! 

The  officer  watched  Intensely  ae  a 
ooen  fishing  boat  sped  toward  a  motionless  17  foot  tri  hull. 

boat  was  traveling  about  30  mph.  With  a  loud  crack  and  a 
sickening  crunch,  the  19  foot  fishing  boat  drove 

4-v,  +->-i  Villi  1  cstrikina  at  a  90  degree  angle,  approximately  1/3  of 
“S  J  r^nnth  the  Stern  The  bow  of  the  fishing  boat  pitched 

^L^:o^/dlsr%\i^.^^?he^1"f"oot^iri'Sg^\ 

So  on  ?hore  and  disappeared  behind  the  trees  near  the  shoreline, 
me  Officer  cheered,  laughed,  and  stared  in  utter  anasenent  at  what 
Je  had  ^een  along  with  about  a  hundred  of  his  fellow  law 
enforcement  officers.  This  was  not  an  accident.  It  was  a  staged 

collision!  This  was  an  experiment  performed  as  the^“Florida 

hnatina  accident  investigation  conducted  by  UL  for  the  Flori 
Marine  Patrol  in  1988.  For  many  officers  and  engineers  it  was  an 
htiioJi^e^eit  because  it  marked  the  first  time  that  many  of  these 
men  and  women  ever  saw  an  actual  collision  occur.  In  an  instant, 
mant/  of  the  theories  they  had  formulated  over  the  years  about  what 
happens  in  a  boating  accident  went  right  out  the  window.  You're 
right  —  it  is  nothing  at  all  like  a  car  accident. 

Not  all  boat  collisions  are  similar.  They  come  in  as  many 
varieSL  as  automobile  collisions,  but  that  is  where  the 
o-im-naritv  ends  It  is  important  to  remember  that  when  two  boats 
SiTude  Ve  resulting  dyLmics  most  likely  will  involve  three 
dimensions,  with  the  third  dimension  being  vertical.  While  not  al 
Sulions  result  in  a  boat  flying  through  the  air  over  a  great 
distance,  even  glancing  blows  and  low  speed  impacts  may  result  in 
oif  or  both  boats  being  displaced  significantly  in  the  vertical 
direction  This  is  one  of  the  reasons  that  occupants  in  a  boat 
corniion'may  L  ejected  from  the  boat,  especially  from  the 

striking  boat. 

One  of  the  most  common  boating  collision  scenarios  is  some 
form  of  an  over-ride,  when  one  boat  literally  runs  over  the  top  of 

anotheJ  boat.  The  curved  bow  of  the  ^tSt°lI 

c;tructure  that  is  ideal  for  riding  over  things.  After  all,  tnar  is 
p^ecisSy  Ihll  It  is  designed  to  do.  The  bow  of  a  boat  is  feigned 
to  ride  over  waves,  and  rough  water.  It  also  does  a  great 
Piping  the  boat  ride  over  other  objects,  such  as  other  vessels 
Often  when  this  occurs,  the  striking  boat,  someti^mes  called  the 
buutt  boat,  suffers  relatively  little  damage.  The  occupants  in 
the  striking  boat  freguently  suffer  little  or  no  in;]uries.  Th 

struck  boat,  sometimes  referred  to  as  the  oJ 

suffers  heavy  damage  and  its  occupants  are  at  greater  risk  ot 
leverS  lnjSr^  or  e?en  death  than  the  occupants  of  the  striking 
boat  in  an  over-ride  type  accident,  it  is  generally  true  that  the 
occupants  of  the  boat  on  the  bottom  are  in  much  greater  danger  than 
their  counterparts  on  top.  Generally  this  is  true,  regardle 
the  structure  or  type  of  boat  that  ends  up  on  the  bottom. 
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It  would  be  very  unusual  indeed  for  two  small  boats  to  hit 
each  other,  deform,  and  bounce  off,  remaining  completely  in  a 
horizontal  plane.  That  is  a  general  description  of  an  automobile 
accident.  Cars  tend  to  run  into  each  other,  boats  tend  to  travel 
through  and/or  over  one  another.  In  an  auto  accident,  the  damage 
to  each  depends  largely  on  the  relative  strength  of  each 
automobile.  In  boat  collisions,  the  boat  on  the  bottom  is  almost 
always  more  severely  damaged  than  the  one  on  top. 


6.3  Differences  in  Structures  and  Materials  - 

Another  obvious  difference  between  cars  and  boats  is  the 
materials  used  in  their  construction.  Once  again,  these 
differences  are  important  for  many  not  so  obvious  reasons. 
Remembering  that  our  primary  focus  is  on  collisions  and  collision 
accident  reconstruction,  we  will  look  in  detail  at  the  following 
concepts ; 


1.  Fiberglass  reacts  differently  under  impact  than  metal. 

2.  A  boat  will  not  deform  in  the  same  manner  as  an 
automobile  during  an  accident. 

Differences  in  individual  construction  techniques  for 
similar  types  and  classes  of  boats  may  have  little  effect 
on  the  results  of  a  collision. 


6.4  Reactions  of  Fiberglass  and  Metal  in  a  Collision 
6.4.1  Metals  -  They  Bend,  But  They  Won't  Break! 

If  you  have  ever  been  to  the  junkyard,  you  have  probably  seen 
the  car  that  ran  head-on  into  a  telephone  pole.  It  is  badly 
deformed,  yet  you  can  easily  tell  that  this  vehicle  ran  into  a 
stiff,  cylindrical  structure.  Chances  are  pretty  good  that  you 
could  even  tell  the  diameter  of  the  pole  by  measuring  the  damaged 
area  on  the  car.  The  reason  you  can  do  this  is  because  the  metal 
from  which  the  car  is  made  had  deformed,  conforming  its  shape  to 
match  the  struck  object.  The  metal  actually  deformed  slightly 
beyond  what  is  visible  after  an  accident;  however,  the  residual 
crush  shape  is  generally  close  in  appearance  to  its  maximum 
deformation. 

The  metal  body  and  frame  in  an  automobile  will  usually  retain 
a  shape  close  to  that  which  occurred  at  maximum  deformation.  It 
will  have  a  tendency  to  spring  back  slightly,  but  it  is  usually  not 
a  significant  amount.  This  characteristic  provides  the  accident 
investigator  with  a  wealth  of  information  about  the  details  of  the 
actual  collision.  It  is  not  unusual  for  imprints  of  key  parts  such 
as  a  headlight  frame  or  a  door  handle  from  the  other  vehicle  to  be 
found  in  the  dented  metal  body  panels  of  a  vehicle.  This  kind  of 
information  is  useful  for  determining  relative  locations  of  each 
vehicle  as  an  impact  occurred  and  progressed. 
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The  metals  used  in  an  automobile  involved  in  a  collision  leave 
a  record  of  dents,  twists,  bends,  and  other  deformations  which 
a  '  .  g  critical  in  reconstructing  an  accident. 

rsconstruct  th3  accidGnt. 


6.4.2  Rberglass  -  It  Bends  and  It  Breaks,  but  It  Won't  Stay  Put! 

Examining  a  fiberglass  boat  after  a  collision  can  be  a  very 
frustrating  experience.  The  boat  may  have  random  damage  patterns 
tha?  appiS  to  be  more  the  result  of  vandals  with  sledge  hammers 
than  a^collision  with  another  boat.  Areas  where  heavy  damage  would 
Seiiectea  might  look  barely  touched,  while  other  areas  may  seem 
totally  devastated  for  no  apparent  reason. 

Part  of  the  explanation  for  these  damage  patterns  is  due  to 
the  nature  of  the  fiberglass  material.  Fiberglass  has  an  amazing 
ability  to  deform  during  impact  and  return  to  something 
its^original  orientation.  For  example,  in  a  T-bone  collision, 
such  as  the  staged  accident  described  in  the 

19  foot  fishing  boat  traveled  through  one  side  of  the  tri 

What  kind  of  damage  would  you  expect  to  see  on  ^  ^  cut-out 

material  was  perfectly  brittle,  you  may  expect  to  see  a  cut  out 
IS  thf  lids  ot  thl  hull  the  same  shape  as  the  hull  which  Peh®trated 
iS  iust  like  a  boat  shaped  cookie  cutter.  Unfortunately,  the 
^  ^  -Pi  v-k^a-rcfi  ass  often  does  not  resemble  the  shape  of  the 

XicS^pYn'eStefft?  at°  least  not.  until  y- 
are  looking  for!  For  our  T-bone  collision,  a  simplified  9 

diagram  is^hown  in  Figure  6-1.  Here,  the  fiberglass 
completely  through  along  line  1.  Two  angular  cracks  along  lines  2 
and^3  form  and  act  as  hinges,  allowing  the  panels  noted  by  4  and  5 
?o  fold  ou^of  the  way:  After  the  accident,  ^he  panels  may 

Ltually  snap  back  into  position,  making  it  look  almost  as  though 
nothing^major  happened.  The  brittle  fiberglass  resin  , 

gelcoat  is^ fractured;  however,  much  of  the  actual  glass 
mat  still  holds  the  panels  in  place.  The  glass  cloth  and  math  acts 
afa  sprinrattempting  to  hold  everything  in  its  original  position. 

The  point  of  the  previous  discussion  is  to  illustrate  how  boat 
materials  differ  from  automobile  materials  in  a  collisio  .  _ 

analvsis  of  fiberglass  damage  on  a  boat  may  be  more  complex  than 
antiyzing  damage  to  automobiles.  Fiberglass  does  not  leave  behind 
as  clear^a  record  of  what  happened  as  the  metal  on  cars.  What  is 

left  behind  can  be  difficult  to  interpret.  ^tices 

created  egual.  It  is  possible  that  varying  construction  practices 
inSudin^  laying  up  fiberglass  and  the  placement  of  structural 
members  in  a  hull  may  affect  how  the  hull 

collision,  further  complicating  the  analysis.  Ue  will  discuss  more 
details  on  fiberglass  examination  in  a  later  chapter. 
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6.5  Vehicle  Deformation  Characteristics 

While  we  are  contrasting  automobile  and  boat  collisions,  it  is 
worthwhile  to  note  differences  in  how  each  tend  to  behave  in  a 
severe  impact.  A  good  example  is  to  revisit  the  car  which  struck 
the  telephone  pole  in  section  2.1. 

Let's  assume  that  the  car  struck  the  pole  head  on,  but  off 
center  so  that  the  pole  struck  the  car  two  feet  to  the  right  of  the 
car's  centerline.  The  crushed  car  may  resemble  the  one  shown  in 
figure  6-2a.  The  pole  only  contacted  a  small  portion  of  the  front 
end  of  the  vehicle,  yet  the  entire  front  of  the  car  is  deformed  as 
a  result  of  the  impact. 

Now  consider  the  same  scenario  with  a  boat.  A  collision  of  a 
23  foot  cruiser  with  a  steel  I-beam  which  supported  a  channel 
marker  is  an  analogous  situation.  Figure  6-2b  shows  an  outline  of 
the  damage  to  the  cruiser  after  the  impact.  The  channel  marker 
penetrated  deep  into  the  structure  of  the  cruiser,  cutting  both  the 
foredeck  and  the  bottom  of  the  hull,  as  well  as  everything  in 
between. 

Consider  one  further  example,  which  involves  a  T-bone  impact 
with  two  automobiles.  Figure  6— 3a  shows  the  outline  of  the  damage 
to  a  vehicle  in  a  high  speed  accident.  The  entire  vehicle  is 
actually  bent  into  a  ••V"  shape. 

The  similar  scenario  for  boats  could  fall  into  one  of  two 
situations.  In  both  examples,  we  will  assume  the  struck  boat  has 
a  velocity  of  zero.  Figure  6-3b  shows  what  the  result  might  be  in 
the  event  that  an  over-ride  occurred  during  the  collision.  Here, 
the  initially  struck  side  of  the  boat  is  damaged  but  the  other  side 
is  virtually  untouched.  An  over-ride  situation  is  not  always  the 
result  of  such  an  accident.  It  is  possible  to  end  up  with  the 
results  shown  in  Figure  6-3c  where  total  penetration  has  occurred. 
This  is  more  likely  in  a  scenario  where  a  small  boat  traveling  at 
high  speed  strikes  a  large  boat  with  high  sides.  In  both  cases,  the 
damage  to  the  striking  boat  is  probably  slight  compared  to  the 
struck  boat. 

These  examples  illustrate  better  than  words  how  differently 
the  deformations  between  a  boat  and  a  car  can  be  in  seemingly 
similar  situations.  In  general,  automobiles  tend  to  show  damage 
over  an  area  much  wider  than  just  the  area  affected  by  contact 
damage.  This  is  because  of  induced  damage.  Induced  damage  is 
damage  to  a  vehicle  which  occurs  by  other  than  contact  damage. 

Much  of  the  damaged  area  on  a  boat  is  from  contact  damage. 
Boats  do  show  induced  damage,  but  it  may  not  be  as  widespread  as  on 
automobiles  and  it  takes  on  a  much  different  form.  Induced  damage 
on  a  boat  may  appear  as  stress  cracks  in  fiberglass  some  distance 
away  from  an  impact  point.  It  may  also  be  seen  as  the  displacement 
and  separation  of  some  portion  of  the  deck  cap  from  the  hull  in  an 
area  well  away  from  the  impact  point. 
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Boats  react  differently  from  automobiles  in  a  collision  for 
many  reasons,  not  just  because  of  the  difference  in  materials.  One 
reason  is  simply  because  of  the  dramatic  difference  in  shape  of  the 
outer  structure.  When  automobiles  collide  with  each  other,  a 
?elSively  blunt  surface,  usually  the  front  of  a  vehicle  is  coming 
into  contact  with  the  second  vehicle.  This  blunt  impact  tends  to 
cause  the  loads  on  both  vehicles  to  he  distributed  over  a  wide 
area  keeping  local  stresses  relatively  low  compared  to  an  impact 
with'  a  pointed  object.  The  resulting  impact  usually  causes 
deformations  rather  than  penetration  of  the  ®^herial.  The  strong 
metals,  such  as  the  steels  found  in  automobiles,  resists 
penetration  better  than  fiberglass. 

Let's  look  in  more  detail  at  a  typical  T-bone  impact  between 
two  boats.  First,  the  pointed  bow  on  the  bullet  boat  with  a  small 
contLt  area  strikes  the  hull  of  the  target  boat.  Penetration 
occurs  almost  immediately.  As  the  collision  progresses,  the  hole 
Dunched  by  the  bow  is  widened  as  the  wider  portions  of  the  striking 
boat's  hull  pass  through  the  target  boat's  hull.  The  effect  is 
somewhat  like  a  wedge.  The  event  happens  quickly,  and  l^^^e 
sections  of  fiberglass  may  just  fold  back  out  of  the  way.  These 
sections  may  spring  back  in  place  after  the  collision, 
removed  entirely,  depending  upon  the  brittleness  of  the  material. 
Depending  upon  the  hull  geometry,  boat  structure  and  mitial 
relative  contact  positions  of  both  boats,  the  bullet  boat  will 
either  over-ride  or  penetrate  the  target  vessel.  This  description 
explains  that  boats  interact  very  differently  during  a  collision 
than  do  automobiles. 


6.6  Differences  in  the  Data  Available  for  Boat  and  Automobile  Collisions 
6.6.1  Scene  Data 

Gathering  data  at  the  scene  of  an  automobile  collision  is  a  crucial 
step  in  the  development  of  a  collision  reconstruction. 
information  obtained  at  the  scene  of  an  automobile  acciden. 
includes: 

a.  Final  rest  position  of  the  vehicles 

b.  Impact  point  on  the  roadway  , 

c.  Documentation  of  all  skidmarks,  scrapes,  and  evidence  of 

vehicle  contact  with  the  roadway 

vehicle  debris  on  the  roadway  showing  location  and 

types  of  debris.  ..  u 

e.  Data  for  the  measurement  or  estimation  of  drag  factors  such 

as  type  of  road  surface,  general  condition  of  road 
surface,  was  surface  wet  or  dry,  etc. 

f.  The  layout  of  roadways  and  intersections 

g.  General  layout  of  the  area,  including  radius  of  curves, 

slopes  of  hills,  sight  distances  from  various  points  on 
the  roadway 


6-6 


h.  Notation  of  sources  of  light  depending  on  time  of  accident, 

include  the  sun,  street  lights,  store  lights, 
and  other  light  sources  that  affect 

visibility 

above  is  certainly  not  complete,  but  it  does  provide  a 

data  an  automobile  accident 
Tnan\7  ^^otionist  may  have  available  from  the  accident  scene.  In 

accidents,  the  investigating  officer  is  able  to 
the  scene  before  any  of  the  vehicles  are  moved  and  he  has 
the  opportunity  to  document  untainted  data.  Reality  and  practical 
experience  have  shown  that  all  of  this  data  may  not  be  available  to 
the  investigator,  depending  upon  when  he  learns  of  the  accident. 

a  many  auto  accidents,  all  of  the  above  information 

could  be  obtained. 


ow  consider  the  situation  of  the  boating  accident  investigator. 
Even  in  the  best  possible  situations,  there  are  no  indications  of 
®  rest  position  of  the  vehicles,  impact  points  on  the 
waterway,  or  clearly  defined  debris  fields.  The  investigator  is 
not  usually  blessed  with  the  knowledge  of  the  precise  area  in  which 
a  collision  occurred.  The  obvious  exception  is  when  a  collision 
occurs  with  a  fixed  object,  such  as  a  tree  or  bridge  piling. 
Witnesses  may  point  to  a  general  area  where  an  accident  took  place, 
however  exact  locations  are  often  difficult  to  pinpoint.  This  can 
make  a  driver  view  field  analysis  difficult  if  other  objects  such 
as  islands,  trees  or  other  obstructions  possibly  played  a  role  in 
preventing  one  boat  from  seeing  the  other. 


The  boating  accident  investigator  is  fortunate  if  in  a  two  boat 
collision,  both  boats  are  actually  available.  Often  one  sinks  or 
the  operator  of  one  vessel  will  flee  the  scene.  Some  states  do  not 
have  laws  that  permit  the  seizure  of  vessels  after  an  accident. 
Consequently,  any  data  which  could  have  been  obtained  by  a  detailed 
examination  of  the  vessel  has  been  forfeited. 

A  common  problem  for  the  boating  accident  investigator  is  that  it 
may  be  hours,  days,  or  in  rare  cases,  more  than  a  week  before  he 
learns  of  an  accident.  Since  the  USCG  estimates  that  only  about 
ten  percent  of  the  accidents  are  reported  at  all,  it  is  easy  to  see 
at  many  ^  boat  operators  may  not  feel  compelled  to  report  an 
accident  immediately  afterward.  if  the  investigator  does  not 
receive  a  report  for  several  days  after  the  accident,  the  risk  of 
contamination  of  the  data  is  high.  This  is  especially  true  for 
Items  such  as  switch  positions,  throttle  positions,  and  faulty 
equipment  which  may  be  easily  altered.  This  further  complicates 

any  attempts  at  conducting  an  accurate  reconstruction  of  the 
accident. 

Obviously,  there  are  certain  pieces  of  information  which  cannot  be 
retrieved  from  the  scene  of  a  boating  accident.  Even  so,  much  can 
be  done  with  regard  to  gathering  scene  data  from  a  boating 
The  data  is  not  likely  to  be  as  significant  or  as 
detailed  as  that  for  an  automobile  accident;  however,  it  can  prove 
to  be  useful.  We  will  cover  the  details  of  scene  documentation  in 
a  later  chapter. 
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6.6.2 


Vehicle  Data 


The  accident  reconstructionist  generally  needs  to  know  J^asic 
information  about  the  vehicles  involved  in  an  accident,  whether 
they  are  boats  or  cars.  Volumes  of  data  are  generally  available  on 
automobiles  that  provide  weights,  CG  locations,  wheelbase,  track, 
and  overall  dimensions  as  well  as  a  variety  of  other  technical 

specif icat ions . 

The  automobile  industry  is  required  to  show  that  passenger  cars 
meet  federal  motor  vehicle  safety  standards  for  a  variety  of  areas 
including  crashworthiness  and  occupant  protection.  As  a  result,  a 
tremendous  database  of  information  has  been  compiled  on  crush  data 
for  front  end  and  rear  end  impacts.  The  amount  of  data  collected 
has  been  sufficient  to  develop  generic  formulas  that  show  the 
relationship  of  crush  distance  to  energy,  and,  therefore,  impact 
speed.  Even  if  crash  data  is  not  available  on  a  specific  model 
automobile,  approximations  may  be  used  instead,  which  are  based  on 
the  generic  coefficients  for  a  particular  size  of  vehicle.  Many 
automobile  accident  computer  simulation  programs  provide  the  option 
of  using  known  crush  coefficients  for  a  particular  vehicle  or  the 
alternate  values  may  be  calculated  based  on  generic  infopation 
about  the  vehicle.  Since  crush  coefficients  may  vary  within  a 
particular  class  of  vehicle,  the  accuracy  of  the  generic 
coefficients  is  somewhat  open  to  discussion. 

It  is  important  to  realize  that  the  same  kinds  of  generalized  data 
are  not  available  for  boats.  Any  critical  information  about  a  boat 
may  have  to  be  obtained  by  measurement  or  by  calculations.  A 
manufacturer's  sales  brochure  may  contain  certain 
specifications  for  its  series  of  boats,  but  the  accuracy  of  those 
values  is  unknown  and  depends  upon  the  options  installed.  It  is 
easy  to  measure  a  boat  to  obtain  the  overall  length,  maximum  beam, 
and  the  weight.  Unfortunately,  that  is  probably  the  only  way,  in 
many  cases,  to  obtain  that  data!  It  is  another  matter  entirely  to 
obtain  more  complex  data  such  as  CG  height  or  moments  of  inertia. 
It  is  possible  to  write  the  manufacturer  and  request  the  desired 
information,  but  the  company  may  refuse  to  release  the  desired 
information  or  be  out  of  business. 


There  is  no  boating  equivalent  to  automobile  crush  data,  and  even 
if  it  were  available,  it  would  not  likely  have  the  same  value. 
Unfortunately,  there  is  not  any  widely  published  data  on  strengths, 
types  of  construction,  or  other  structural  properties  of  particular 
types  of  recreational  boats.  Textbooks  on  fiberglass,  composite 
materials,  boat  building,  and  related  subjects  may  publish  data  on 
fiberglass  material  properties.  The  properties  of  the  fiberglass 
on  any  given  boat  may  differ  substantially  from  published  figures 
in  a  textbook.  Even  if  the  structural  data  were  available  for  a 
particular  boat,  it  would  take  extensive  testing  to  apply  meaning 
to  that  data  as  it  relates  to  boat  hull  structural  deformations  in 
various  impact  situations.  Experimental  collisions  have 
demonstrated  that,  for  certain  types  of  impacts,  the  precise 
characteristics  of  the  boat  structure  may  be  almost  irrelevant  to 
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especially  true  for  side  impacts,  where  only 
the  boat  hull  side  is  penetrated  by  a  bullet  boat.  Above  a  speed 
of  roughly  20  mph,  most  common  hull  side  constructions  may  be 
relatively  easily  penetrated  by  most  bullet  boats. 

Today,  we  know  much  about  how  an  automobile  responds  during  a 
collision.  We  know  how  an  automobile  deforms,  how  much  energy  is 
reguired  for  certain  deformations,  how  the  occupants  react,  what 
forces  act  on  the  occupants,  and  we  have  reams  of  data  available  on 
the  vehicle  and  its  structure. 


On  the  other  hand,  we  know  comparatively  little  today  about  the  way 
boats  respond  in  a  collision.  Much  is  yet  to  be  learned  about  how 
boats  deform  and  react  in  an  impact.  As  of  this  writing,  we  are 
not  aware  of  any  experimental  collisions  which  have  been  conducted 
in  a  scientific  manner  using  instrumented  boats.  This  kind  of  data 
can  be  expensive  to  obtain,  and  requires  modern  data  acquisition 
systems  and  instrumentation.  It  is  the  kind  of  testing  that  needs 
to  be  done  to  docupnt  the  forces  and  accelerations  on  each  boat 
and  its  occupants  in  real  collision  scenarios. 

The  scientific  reconstruction  of  boating  collision  accidents  is  a 
new  field.  When  a  serious  boating  accident  occurs  and  an 
experienced  accident  reconstructionist  is  needed,  it  is  usually 
obvious  fairly  soon  that  there  are  virtually  no  boating  accident 
reconstruction  experts  to  be  found.  Speculators  and  guessers 
abound,  but  few  people  have  really  tried  to  apply  in  depth 
scientific  and  engineering  principles  to  boating  accident 
reconstruction.  The  temptation  then  is  to  get  the  automobile 
reconstruction  expert  in  the  area  to  reconstruct  the  boat  accident. 
After  all,  a  collision  is  a  collision,  right?  Wrong!  For  most 
situations,  they  are  not  even  close! 

It  is  important  when  conducting  boat  accident  reconstructions  to 
consider  the  differences  between  automobile  collisions  and  boat 
•^oilisions.  The  investigator  must  not  be  took  quick  to  apply 
concepts  of  automobile  accident  reconstruction  to  boating 
accidents. 
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Typical  Damage  to  Hull  Side  After  Collision 


Figure  6-1 


Figure  6-3 


CHAPTER  7 


FUNDAMENTAL  PRINCIPLES  OF  COLLISIONS 


7.0  Introduction 

The  complexity  of  any  subject  is  dependent  upon  how  much 
detail  one  needs  to  know.  Even  the  space  shuttle  can  be  explained 
in  simple  terms  if  one  does  not  require  much  detail.  To  the  child, 
it  is  just  a  special  type  of  airplane  that  carries  men  and  science 
experiments  into  orbit.  The  space  shuttle  engineers  would  not 
likely  be  pleased  with  such  an  explanation!  The  space  shuttle  is 
one  of  the  most  complex,  and  advanced  engineering  feats  ever 
accomplished.  The  task  of  analyzing  boat  collisions  is  also 
a  subject  that  may  appear  fairly  simple,  yet  is  truly  a  complex 
subject.  On  the  surface  it  appears  to  be  a  rather  simple  subject. 


In  this  chapter,  we  will  conduct  a  review  of  some  of  the 
fundamental  physical  concepts  as  they  apply  to  boats  and  small  boat 
collisions.  The  practical  application  of  many  of  these  concepts 
will  be  illustrated  by  example  throughout  this  chapter.  Our  efforts 
will  be  concentrated  upon  explaining  how  each  of  these  factors 
relate  to  the  problem  of  understanding  boat  collisions. 


7.1  Fundamental  Physical  Principles 

We  could  start  from  the  beginning  with  explanations  of  mass, 
weight,  gravity,  and  numerous  other  concepts  of  physics  crucial  to 
our  understanding  of  collisions.  Numerous  textbooks  are  available 
on  basic  physics,  and  it  is  beyond  the  scope  of  this  report  to 
provide  a  tutorial  in  basic  physics.  We  will  provide  a  summary  of 
some  of  the  basics  with  which  the  reader  needs  to  be  familiar. 
Some  of  the  key  concepts  surrounding  boat  collision  analysis  are: 

1.  Weight,  mass,  and  center  of  gravity. 

2.  Buoyancy,  center  of  buoyancy,  and  buoyant  forces. 

3.  Inertia,  mass  moments  of  inertia,  polar  moments  of 
inertia 

4.  Newton's  laws  of  motion,  which  for  reference  are 
summarized  below: 

a.  Newton's  First  Law:  Every  body  persists  in  its 
state  of  rest  or  of  uniform  motion  in  a  straight 
line  unless  it  is  compelled  to  change  that  state  by 
forces  impressed  on  it.  In  other  words,  a  body  at 
rest  tends  to  stay  at  rest,  and  a  body  in  motion 
tends  to  stay  in  motion. 
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b.  Newton's  Second  Law:  An  obDect  of  a  given  , 

will  accelerate  at  a  rate  proportional  to  the  net 
force  exerted,  and  is  best  expressed  by  the 
mathematical  relationship  of  Force  =  mass  times 
acceleration,  or  more  simply  F  -  ma. 

c.  Newton's  Third  Law:  For  every  action  there  is 

always  an  equal  and  opposite  reaction. 

R  Friction-  both  static  and  dynamic. 

1:  Basics  of  structures  and  basic  terms  of  structural 

7  Principles  of  rotating  bodies  about  a  fi^®^  axis, 
specifically  the  relationship  of  T  =  I  x  (a,)  where 
T  =  Torque,  I  =  the  moment  of  inertia,  and 
a  =  acceleration,  rotational. 

If  at  this  point  you  are  not  familiar  with  all  of  the  concepts 
above  it  is  not  neceLary  to  panic  or  to  return  to  college 
olead'with  a  physics  professor.  Most  of  the  terms  and  concepts 
llTl  he  used  and  explained  in  the  context  of  this  report  in  such  a 
way  as  to  provide  at  least  basic  understanding. 

7.2  Basics  About  Boats 

In  order  to  add  practical  understanding  to 
section  we  will  briefly  define  a  few  terms  as  they  relate  t 
collisions  and  then  look  at  some  examples.  Buoyancy,  stability, 
and  cJn^r  ot  lateral  resistance  (CLE)  are  Important  concepts  which 
will  be  explored  in  the  next  few  sections. 

7.3  Buoyancy 

Buoyancy  is  particularly  relevant  to  collisions  because  of  the 
reactfonrSI'^a  stationary  boat  which  is  struck  by  ""“^her  vessel^ 
one  of  the  key  concerns  in  a  two  boat  collision,  especially  one 
involvina  an  ^over-ride,  is  the  amount  of  reserve  buoyancy 
availabll  to  the  struck  vessel.  Reserve  buoyancy  is  a 
how  much  additional  weight  a  vessel  will  support  without  sinking  o 
beInTswamped.  An  aircraft  carrier  has  a  tremendous  amount  of 
reserve  buoyancy,  while  a  typical  small  bass  boat  does  not. 
with  large  amounts  of  reserve  buoyancy  may  be  characterized  by 

having  a  high  freeboard. 


Application 

When  struck  by  another  vessel,  a  boat  with  a  small  a®o^nt  of 
reserve  buoyancy  will  have  an  increased  tendency  to 
swamping,  sinking,  or  at  least  temporary  submersion  in  whole  or  in 

part  during  a  collision. 
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7.4  Stability 


stability  and  pitch  stability.  Simply  stated, 
us  how  hard  it  is  get  a  boat  to  roll,  or  pitch  when 
forces.  While  this  is  not  a  precise 

definition'  i«^  ve  you  the  general  idea.  A  more  technical 

definition  IS  to  say  that  stability  is  a  measure  of  the  forces 

on^o^n  ?  ^4-^  floating  body  that  develop  to  return  it  to  its 

riginal  floating  position  once  it  is  disturbed.  Most  of  the  time 

about  the  roll  stability  of  a  boat.  Roll 
stability  IS  a  measure  of  how  hard  or  how  easy  is  it  to  get  the 
boat  to  heel  over  when  acted  on  by  an  outside  force. 


bo  calculate  the  stability  of  a  boat,  we  must  know 
Where  the  center  of  buoyancy  is  located.  The  center  of  buoyancy  is 
the  point  through  which  the  buoyant  forces  are  acting.  This  point 
bhe  geometric  center  of  the  volume  of  the  body  which  is 
submerged.  We  must  also  know  the  location  of  the  center  of  gravity 
(CG)  of  the  boat.  In  general,  boats  with  a  high  CG  and  narrow  beam 
are  less  stable  than  boats  with  a  low  CG  and  wide  beam. 


4-1.  Naval  architects  will  perform  stability  calculations  to  obtain 
the  metacenter  and  the  metacentric  height,  which  is  one  indication 
bhe  stability  of  a  vessel.  We  will  leave  the  numerical 
calculations  for  stability  to  the  naval  architects,  for  most  of 
what  we  are  concerned  with  here  is  general  trends  and 
tendencies . The  stability  characteristics  of  a  boat  can  be  changed 
•4.U  boat  IS  loaded.  Boats  with  fly-bridges,  or  houseboats 

with  upper  decks  become  less  stable  as  the  weight  aloft  increases. 
A  stationary  boat  with  less  roll  stability  will  tend  to  roll  more 
easily  if  struck  from  the  side  by  another  vessel. 


7.5  Center  of  Lateral  Resistance 


^  What  determines  how  a  stationary  boat  moves  or  reacts  when  it 
is  struck  from  the  side?  One  of  the  key  factors  that  determines 
the  answer  to  that  question  is  the  location  of  the  center  of 

(CLR) .  Consider  an  outboard  motorboat  floating 
statically  in  calm  water  with  the  engine  not  running  as  shown  in 
Figure  7-la.  We  will  assume  for  this  example  that  the  outboard 
motor  IS  tilted  up  completely,  so  that  none  of  its  lower  unit  is 
below  the  waterline.  If  we  could  somehow  push  on  the  side  of  the 
oat  in  a  horizontal  plane  perpendicular  to  the  centerline,  the 
boat  should  start  to  move  sideways  through  the  water.  If  we  push 
on  the  boat  near  the  bow  at  point  A  in  Figure  7-la,  the  boat  would 
rotate  about  its  CLR  in  a  clockwise  direction.  If  we  gently  push 
on  the  boat  at  point  B,  near  the  stern,  the  boat  will  rotate  about 
Its  CLR  in  a  counter-clockwise  direction  as  illustrated  in  Figure 
7-lb.  If  we  repeat  this  experiment,  and  gradually  shift  the  point 
where  the  force  is  applied  more  towards  the  midline  of  the  boat,  we 
will  soon  locate  the  point  at  which  we  can  push  the  boat  slowly 
sideways  through  the  water  without  it  rotating  at  all.  The  CLR  is 
in  line  with  this  point,  as  shown  in  Figure  7-lc. 
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To  continue  with  this  example,  we  will  now  consider  the  same 
situation  as  in  Figure  7-lc,  except  that  we  will  lower  the  outboard 
down  into  its  normal  running  position.  The  lower  unit  is  now  in 
the  water  but  the  boat  is  still  stationary.  It  we  continue  to 
Soirthe  force  at  point  C,  the  boat  no  longer  moves  through  the 
:i?e?  sileways  as  it  did  in  7-ld.  Instead  it  now  rotates  clockwise 
again.  What  happened?  Figure  7-2  provides  the  answer.  figure 
7-2a  shows  the  location  of  the  CLR  with  the  outboard  motor  p. 
When  the  lower  unit  of  the  outboard  was  lowered  into  the  water,  the 
CLR  shifted  rearward  just  slightly  as  shown  in  Figure  7-2^  ^n 
reality,  the  difference  for  this  example  may  be  virtually 
undetectable,  depending  upon  the  ratio  of  the 

of  the  outboard  when  compared  to  that  of  the  submerged  portion  of 
the  boat  hull.  The  concept  illustrated  here  is  important.  If 
wante^to  push  the  boat  laterally  through  the  water  without  any 
rotation  occurring,  we  would  have  now  have  to  push  at  POint  D,  as 
shown  in  Figure  7-2b.  The  same  effect  could  be  created  by 
weight  aft,  which  changes  the  trim  angle  on  the  boat. 
weight  aft,  for  example  by  placing  two  passengers  in  the  rear  of 
?he  boat,  the  aft  end  of  the  hull  would  settle  deeper  into  the 
water.  This  would  move  the  CLR  further  aft. 

HOW  does  one  know  where  the  CLR  is  located  on  the  boat?  It 
can  be  located  by  experimental  means  as  described  in  our  example, 
we  can  simply  place  the  boat  in  the  water  and  push  on  it  sideways 
until  we  find  the  point  at  which  it  no  longer  rotates,  but  slides 
through  the  water  laterally  without  rotation.  That  ^ 

practical.  Notice  that  in  Figure  7-2a  the  location  of  the  CLR.  It 
appears  to  be  almost  in  the  center  of  the  profile  pf  the  submerged 
portion  of  the  hull.  For  most  powerboat  hulls  with  hard  chines, 
sZh  as  a  typical  tri-hull,  the  location  of  the  CLR  may  be 
approximated  by  finding  the  geometric  center,  or  e  cen  roi  , 
the  submerged  cross  sectional  area  of  the 

determined  that  this  approximation  is  acceptable,  then  the  CLR  for 
complex  underwater  shapes  may  be  calculated  with  relative  ease  for 
a  given  static  floating  position. 


7.6  Movement  of  Boat  Hulls  in  Directions  Other  Than  Lateral 

The  importance  of  the  word  "lateral"  in  the  discussion  of  the 
center  of  lateral  resistance  (CLR)  must  be  emphasized.  The  CLR  is 
that  point  about  which  the  boat  will  tend  to  rotate  if  we  atteinpt 
to  gently  push  it  through  the  water  sideways,  or  laterally.  When 
we  try  to  push  the  boat  through  the  water  from  the  bow, 
or  at  some  angle  to  the  centerline,  the  center  of  LATERAL 
resistance  is  no  longer  the  point  in  which  we  are  interested. 


Consider  the  stationary  boat  shown  in  Figure  7-3.  The  force 
applied  at  A  will  have  the  tendency  to  push  the  boat  forward  and 
cause  slight  rotation  in  a  clockwise  direction.  It  rotates  about 
some  point,  similar  in  concept  to  the  CLR,  which  we 
center  of  hydrodynamic  resistance  (CHR) .  We  will  define  the  CHR  as 
the  point  about  which  we  can  gently  apply  a  force  and  move  the  boat 
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through  the  water  in  the  direction  of  the  applied  force  without 
d2ti?m?n  Experimentation  is  the  best  method  to 
FiaSJe  7 %  applied  points  and  directions.  In 
centiJlinp'of^thf  K  ^  somewhere  along  the  longitudinal 
ci'mr.1,,  beat.  It  can  now  be  stated  that  the  CLR  is 
simply  a  special  case  of  the  CHR. 

Application 


Koai-  it  factors  that  determine  the  motion  of  the 

boat  through  the  water  when  involved  in  a  collision. 


7.7  Weight,  Mass,  and  Inertia 


Since  we  will  be  discussing  weight  and  mass  extensively  in 
chapters  to  come,  it  is  worthwhile  to  quickly  refresh  the  reader's 
memory  on  the  difference  between  the  two  as  it  relates  to  our 
subject.  All  physical  objects  have  mass.  Objects  have  varying 
amounts  of  mass  depending  on  the  type  and  amount  of  material  from 
which  they  are  made.  Mass  can  also  be  thought  of  as  a  relative 
^i’^object's  inertia.  The  more  mass  an  object  has,  the 
®  it  IS  to  get  it  to  change  its  current  state.  For 

examp  e,  it  requires  more  force  to  get  a  giant  aircraft  carrier 
moving  from  a  dead  stop,  or  to  bring  it  to  a  stop  once  it  is 

does  a  1500  lb.  motor  boat.  Also,  do  not  forget 
tnar  from  the  equation 


F  -  ma 


that  mass  may  be  expressed  as 


a 


which  is  consistent  with  the  above  example.  We  determine  an 
objects  mass  from  its  weight  by  using  the  formula 

(f  =  mg 


where  g  =  the  gravitational  consfant,  or  the  acceleration  due  to 
gravity.  On  the  earth's  surface,  the  acceleration  due  to  gravity 
IS  expressed  as 


9  = 


32.2 


ft 

sec^ 
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Thus  the  weight  of  an  object  is  obtained  by  multiplying  its 
„ass  SI  Slle  ot  9..  Also  note  then  that  to  obtain  the  Bass 
of  an  object  given  its  weight,  we  use  the  formula 


Example: 

What  is  the  mass  of  a  2000  lb  boat? 


m  -  2000 


lb 


32.2 


ft 

sec^ 


m  =  62.2  slugs 


In  the  English  system  of  units,  the  units  of  mass  are  given  in 
slugs.  The  units  of  slugs  are: 


Slugs  = 


lb-sec^ 

ft 


Weight  is  actually  a  force  that  results  by  placing  an  object 
with  mass  in  a  gravitational  field.  The  an  object  can 
change  depending  upon  the  strength  of  the  gravitational  field  in 
which  it  is  placed.  The  gravity  on  the  moon  is  much  less  than  what 
It  is  on  ea?th,  therefore  an  object  placed  on  the  moon's  surface 
would  weigh  less  than  it  does  on  earth,  however  its  mass  would 
remain  the  same.  The  units  of  weight  are,  of  course,  pounds,  which 
we  abbreviate  lbs. 

Inertia  is  an  important  related  concept.  A  simple  definition 
is  that  inertia  is  the  tendency  of  an  object  to  remain  in  its 
current  state  unless  acted  upon  by  an  outside  force  The  more  mass 
an  object  has,  the  more  force  it  will  take  it  to  change  its  state. 
Inertia  is  the  reason  that  you  cannot  cut  the  throttles  on  a  60  ft 
motoryacht  10  feet  away  from  the  dock  while  you  are  traveling  at  20 
mph,  and  expect  not  to  have  to  contact  your  insurance  company 
shortly  thereafter. 

A  discussion  on  the  scientific  definitions  of  weight,  mass, 
and  inertia  is  left  to  various  physics  texts  on  the  subject. 
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7.8  Center  of  Gravity 


The  location  of  the  center  of  gravity  (CG)  of  a  vessel  also 
plays  a  major  role  in  determining  how  a  vessel  reacts  during  a 
^^^lision.  The  CG  may  be  located  by  finding  the  balance  point  for 
an  object.  It  has  long  been  known  that  finding  the  longitudinal 
location  of  the  CG  of  a  small  boat  may  be  easily  accomplished  by 
balancing  the  boat  on  a  log  or  other  object. 

Newton's  second  law,  expressed  by  F  =  ma,  says  that  the  total 
force  applied  at  the  CG  of  a  an  object  is  proportional  to  the  mass 
times  the  acceleration  at  the  CG.  The  location  of  the  CG  is 
critical  because  the  CG  is  that  point  about  which  an  object  will 
rotate  if  the  CG  is  not  in  line  with  the  applied  force.  If  the  CG 
is  in  line  with  the  applied  force  then  the  object  will  tend  to  move 
in  the  direction  of  the  applied  force  without  rotation.  It  is 
important  to  emphasize  the  force  in  the  F  =  ma  equation  is  the 
total  resultant  force.  A  complete  analysis  of  all  the  forces  can 
become  extremely  complex  and  difficult  to  analyze  when  we  attempt 
to  calculate  the  total  resultant  forces  applied  to  a  boat  in  the 
water  involved  in  a  collision. 


7.9  The  Effect  of  the  CG  Location  in  a  Collision 

The  location  of  the  CG  plays  a  major  role  in  determining  the 
resulting  motion  of  a  boat  when  struck  by  another  vessel.  Its 
effects  are  analogous  to  those  studied  for  the  CLR  in  previous 
sections.  To  make  certain  we  understand  the  effects  of  the  CG 
location  alone,  let's  place  a  flat  bottom  boat  on  a  sheet  of  ice 
and  strike  it  sharply  as  shown  in  Figure  7-4.  The  reactions  are 
similar  to  those  effects  shown  in  Figure  7-1  for  the  CLR.  When  the 
boat  is  struck  behind  the  CG,  it  tends  to  rotate  counter-clockwise 
as  shown  in  Figure  rotates  clockwise  when  struck  forward 
of  the  CG  as  shown  in  Figure  7-4b.  When  the  impact  is  in  line  with 
the  CG  as  shown  in  Figure  7-4c,  then  there  is  no  rotation.  In  each 
of  the  above  examples,  the  boat  is  not  just  rotating  about  the  CG 
as  if  a  nail  were  driven  through  the  boat  at  that  point.  The  CG  is 
also  moving  sideways  or  laterally.  Remember  that  the  above  is  true 
for  any  object,  not  just  boats.  In  this  example,  the  boat  is 
sitting  on  a  sheet  of  ice  because,  for  the  sake  of  illustration,  we 
wanted  to  show  the  effects  of  the  CG  location  alone.  The  problem 
with  this  explanation  is  that  most  boat  collisions  do  not  occur  on 
a  sheet  of  ice. 


7.10  The  Combined  Effects  of  CG  and  CLR,  an  Overview 

The  relationships  between  the  CG  and  the  CLR  are  important 
because  they  determine  the  center  of  rotation  (CR)  of  a  vessel 
during  a  collision.  Generally,  during  a  collision,  a  vessel  will 
move  laterally  and  may  tend  to  rotate  as  well.  The  point  about 
which  the  vessel  rotates  determines  much  about  the  resulting  motion 
of  the  occupants  and  objects  inside  the  boat.  When  the  CLR  and  the 
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S\o«’\i”on\Tor"a%y^^^  i»pact  is  probaWy  beat  determined 
by  experixnentation. 


Application 

“  a  ‘>eat  U  atrn^t  J-m^tbe^side, 

^fit^is  improted  forward  f c^fo^^a  pLticilaf ecjnariru 
as  translate.  The  location  hull  shape, 

determined  by  the  location  of  the  CG,  CLR,  and  me  n 

7.11  Kinetic  Energy  Defined 

=»  s -r,?  ria 

kinetic  energy  because  of  its  motion. 

The  kinetic  energy  of  a  body  due  to  its  motion  relative  to  a 
fixed  reference  frame  is  defined  by: 

KE  =  —  mV^ 

2 


KE  =  Kinetic  Energy 
m  =  mass 
V  =  velocity 

an  ob?:c^d^^^■to“^t^r^i^n^  U^eg-uaYi;  ^''n^htlf  ^oi-fti^mSf  Sm^eJ 
its  velocity  squared. 

This  equation  tells  us  that  the  energy  of 
as  a  function  of  the  square  of  velocity,  a  d^l^  ^  ^^ly 

Tan^ there"for''e"t«rce  Se  weight)  of  boat  B,  then  boat  A 

“!l  have  twice  the  Kineti  ,,,  of  boat  B  for  a  ^iven^speed.^^It 

also  means  that  if  ™  is  traveling  twice  as  fast  as 

•hhpTe'f orG  thG  saiTiG  wGight)  but  boat  A  is  y  o 

bolt  B?  then  boat  A  has  four  times  the  kinetic  energy  of  boat  B. 

to  therr"?oL\t.na7^1rofiry  .'’“fhT^prC?!^ 

“?atTo«ca\irt\e‘’klLr  tTrofatr  is^ssumed 
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to  be  negligible  compared  to  that  due  to  the  object's  motion.  We 
are  going  to  neglect  the  effects  of  rotational  kinetic  energy  in 
this  document. 

Kinetic  energy  is  an  important  concept  to  understand  because 
it  determines  how  much  energy  is  available  in  a  collision.  One 
practical  application  of  this  concept  is  that  the  kinetic  energy 
available  is  an  important  factor  in  determining  the  capacity  of  an 
impact  to  cause  damage.  When  a  boat  collides,  either  with  an  object 
or  with  another  boat,  some  or  all  of  the  kinetic  energy  will  be 
dissipated.  During  an  impact  of  a  boat  with  a  seawall,  kinetic 
energy  is  typically  converted  to  several  forms  of  other  types  of 
energy  such  as  heat,  sound,  and  possibly  light.  It  may  also  be 
used  to  deform,  break,  and  crush  the  structure  of  the  boat,  and  the 
object  struck.  If  the  boat  retains  some  of  its  speed  and  continues 
to  travel  after  the  impact,  then  not  all  of  the  kinetic  energy  was 
dissipated  in  the  impact. 

Application 

The  kinetic  energy  increases  proportionally  to  the  velocity 
squared.  The  kinetic  energy  of  a  boat  is  one  factor  that 
determines  the  capacity  of  that  boat  to  cause  damage  in  a 
collision,  either  to  itself  or  the  object  struck. 

Example: 

What  is  the  kinetic  energy  of  a  2,000  pound  boat  traveling  at 

15  mph,  and  30  mph? 

First,  we  must  find  the  mass.  From  our  earlier  example,  we 
know  the  mass  of  a  2,000  lb  boat  is  62.1  slugs.  This  comes  from 
the  formula: 


The  next  step  is  to  convert  speed  from  mph  into  ft/sec. 

The  relationship  between  ft/sec  and  mph  is  as  follows  is  shown 
below: 

To  change  from  mph  to  ft /sec: 

(1  mile)  (1  hour)  (5280  ft)  _  1.46667  ft 
'T~hour~rT^S00~sec)~(mIIe  f  sec 

Therefore,  to  convert  mph  to  ft/sec  multiply  by  1.46667. 

To  change  from  ft/sec  to  mph  divide  by  1.46667. 
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Numerous  Instances  will  occur  in  this  document  where  we  need 
to  conveS  from  mph  to  ft/sec  and  back  again.  If  you  forget  the 
formulas  all  you  have  to  remember  is  the  number  1.46667  and 
thirthfnuiblr  in  /nits  of  ft/sec  is  always  a  larger  number  than 

that  for  mph. 

NOW  let's  return  to  our  example  of  finding  the  kinetic  energy 
of  a  2,000  lb  boat  traveling  at  15  and  30  mph. 

The  velocity  in  ft/sec  is  then: 

y  =  15  mph  X  1.46667  =  22  ft/sec. 


The  kinetic  energy  at  15  mph  is  therefore: 


KE  =  ^  (62.11  Slugs)  (22  ft/sec) 


KE  =  15,031  ft-lbs 


The  kinetic  energy  at  30  mph  is  then; 


KE  =  ^  (62.11  Slugs)  (44  ft/sec) 


KE  =  60, 122  ft-lbs 


Note  the  units  of  kinetic  energy  are  ft-lbs  (not  the  same  as 
ft/ lb)  .  Also  note  that  as  the  speed  doubled  from  15  ^0  mph, 
that  the  KE  increased  by  a  factor  of  four.  Thus  the  KE  of  an 
object  increases  proportional  to  the  velocity  squared. 


7.12  Potential  Energy 

Energy  is  important,  and  comes  in  many  forms.  In  order  to 
understand  how  it  is  possible  to  estimate  speeds  in  certain  types 
of  collisions,  it  is  necessary  to  understand  the  concept  of 
potential  energy.  Potential  energy  is  stored  energy  due  to  an 
object's  location  or  position  in  a  system.  Potential  energy  comes 
in^many  forms,  including  the  stored  energy  in  a  spring.  For  our 
case,  we  are  primarily  concerned  with  potential  energy  defined  as 
that  related  to  an  object's  position  in  a  gravitational  field. 
Practically  speaking,  the  higher  an  object  is  to  some  reference 
point,  such  as  the  surface  of  the  earth,  the  more  potential  energy 
it  possesses. 
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Kinetic  energy  and  potential  energy  are  easily  converted  from 
one  form  to  another.  If  an  object  is  at  the  top  of  a  table,  and  at 
rest,  it  has  zero  kinetic  energy,  and  a  certain  amount  of  potential 
energy.  if  we  drop  that  object  from  the  table  top,  it  gains  a 
certain  amount  of  kinetic  energy,  and  loses  a  certain  amount  of 
potential  energy  as  it  falls.  A  definite  relationship  exists 
between  the  rate  at  which  an  object  gains  one  form  of  energy  and 
loses  the  other .  In  an  ideal  system,  with  no  outside  forces  acting 
other  than  gravity,  then  the  net  change  in  kinetic  energy  plus  the 
net  change  in  potential  energy  must  be  equal  to  zero.  This  is 
expressed  as: 


dKE  +  dPE  =  0 


where  d  represents  change  in  the  quantity  it  precedes.  This 
concept  of  the  conservation  of  energy  is  what  will  allow  us  to 
calculate  boat  speeds  in  certain  types  of  collisions. 

In  the  previous  section,  we  saw  how  to  quantify  kinetic  energy 
and  now  we  will  look  at  how  to  calculate  the  potential  energy  of  an 
object. 


PE  =  mgh 


where 
m  =  mass 

g  =  gravitational  constant 

h  =  height  in  feet  w/  respect  to  reference  frame 

The  potential  energy  then,  is  expressed  as  the  mass  of  an 
object  times  the  gravitational  constant,  times  the  height  in  feet 
(of  the  CG)  above  the  reference  frame.  The  reference  frame  for  our 
case  may  be  the  surface  of  the  water  or  some  other  point  in 
question. 


Application 

What  is  the  potential  energy  of  a  2  000  lb  boat  which  is 
sitting  on  a  pier  such  that  the  CG  is  12  feet  above  the  surface  of 
the  water? 

Relative  to  the  water's  surface,  the  potential  energy  is: 


PE  =  mgh 


PE  =  (62.1  slugs)  (32.2  ft/sec^)  (12  ft) 
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PE  =  23,995  ft-lbs 


Note  that  the  units  of  potential  energy  are  derived  from 
(slugs)  (gravity)  (height)  which  is  : 


Ih-sec' 


which  leaves  units  of  ft-lbs.  The  units  for  potential  energy  are 
the  same  as  for  kinetic  energy. 

Potential  energy  and  kinetic  energy  therefore  contain  the  same 
units  Tn  c^e^pter^h,  we  will  see  how  to  -se^/-  — 
estimate  minimum  boat  speed  for  certain  situations. 


7,13  A  Deeper  Look  at  Concepts  of  Impact 


7.13.1 


Sequence  of  an  Impact 


When  two  objects  collide,  a  series  of  events  occurs  that  can 
be  broken  down  into  three  distinct  phases.  These  phases  tir 

Contact,  -ximum^engagemen^^^ 

separation.  It  is  true  that  in  boat  collisions,  separation  does 
nnt  alwavs* occur .  Automotive  reconstructionists  have  often  use 
these  terms  to  describe  automobile  accidents  and  they  genera  y 
^ply  heifas  well.  The  three  phases  of  a  typical  collision  are: 

contact  -  That  point  at  which  surfaces  of  the  two 
collldlnf  bodiSriegln  to  ?ouch.  impact  force  be^ 

increase  at  this  point  in  time.  Just  prior  to  first  contact, 
impact  force  was  zero. 

anoaaemant  -  Maximum  engagement  is  that  P°iht  ® 

common  where  the  qriatest  penetration  ot  one  vehicle  into  the 
S?hef generally  occurs.  In  a  direct  impact,  the  velocity  of  the 
oSSct  I?ruck  Ini  the  colliding  vehicle  will  be  zero  relative  to 
each  other  at  maximum  engagement. 

Separation  -  Generally  after  maximum  engagement,  the  impact 
forces  begin  to  decline,  and  the  objects  which  have  collided  will 
begin  to  Lparate  from  each  other.  When  the  objects 
in  contact  with  each  other,  the  impact  forces  will  go  to  zero. 
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Maximum  engagement  in  car  collisions  is  relatively  easy  to 
define,  partly  because  of  the  way  vehicles  usually  collide,  and 
partly  because  they  retain  their  shape  after  a  collision.  However, 
determining  the  positions  of  one  boat  relative  to  another  at 
maximum  engagement  in  a  small  boat  collision  is  not  an  easy  task. 

7-13.2  Types  of  Impact 

The  automotive  community  has  classified  impacts  into  one  of 
two  basic  types: 

— — Impact  —  A  full  impact  occurs  when  the  two  surfaces  in 
contact  reach  a  common  velocity,  i.e.,  they  are  not  sliding  against 
each  other.  The  two  object  may  still  be  traveling  in  reference  to 
the  ground  or  some  fixed  reference,  but  they  at  least,  for  an 
instant,  reached  a  common  velocity.  Imprints  of  one  surface  on 
another  are  most  likely  with  full  impacts. 

,  P.^^^tial  Impact  -  A  partial  impact  is  one  in  which  the  surfaces 
in  contact  are  always  moving  against  each  other.  Damage  such  as 
striations  and  paint  transfer  will  indicate  the  relative  direction 
of  one  surface  relative  to  another. 

Contact  forces  during  a  partial  impact  are  likely  to  be  less 
than  for  a  direct  impact.  During  a  partial  impact,  separation  of 
the  boats  will  occur,  and  one  or  both  boats  will  have  a  certain 
portion  of  their  initial  kinetic  energy  remaining.  Since  not  all 
of  the  energy  was  dissipated  during  the  collision,  it  may  be 
generally  concluded  that  partial  impacts  will  result  in  lower 
contact  forces  than  direct  impacts. 

Most  small  boat  collisions  involving  two  boats  are  partial 
impacts.  All  over-ride  cases  where  the  boats  separate  will  be 
partial  impacts.  The  rare  exceptions  to  this  fall  into  one  of  two 
common  types  of  accident  scenarios. 

The  first  is  where  both  boats  are  traveling  in  approximately 
the  same  direction,  but  on  a  converging  course.  At  the  last 
instant,  one  or  both  operators  turns  away  to  avoid  a  collision  and 
the  sides  of  the  boats  gently  bounce  off  each  other.  The  second 
common  scenario  is  where  one  boat  literally  runs  into  and 
penetrates  the  second  boat,  and  then  stops.  Collisions  with  fixed 
objects  may  be  either  full  or  partial  impacts.  Partial  impacts 
tend  to  leave  long  scrapes,  striations,  and  paint  transfers,  and 
direct  impacts  tend  to  leave  imprints. 


7.13.3  Magnitude  of  Impact  Forces 

One  of  the  significant  differences  between  boat  and  auto 
collisions  is  the  magnitude  of  impact  forces.  To  date,  no  testing 
has  been  done  to  scientifically  measure  impact  forces  during  a 
small  boat  collision.  It  is  valuable  to  note  the  likely 
differences  between  the  magnitude  of  impact  forces  between 
automobiles  and  small  boats. 
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following  reasons  (in  approximate  order  P 

1  small  boat  collisions  are  generally  partial 

where  one  or  both  boats  retain  a  significant  portion 

their  original  speed. 

5  Boats  general ly  travel  at  lower  speeds  than  * 

For  Lample  30  mph  is  considered  a  high  speed  boating 
coIliSon!  while  I  normal  highway  speed  for  automobiles 
may  be  65  mph. 

T  small  boats  often  weigh  less  than  their  land  based 
counter  parts,  thereby  possessing  less 
a  given  velocity.  Of  course,  this  is  not  always  tru 

A  ThA  structure  of  the  boat  involved  in  a  collision  is 
usually  softer  and  more  flexible  than  the  body  of  an 
automobile. 

with  fixed  objects. 

7  13  3  1  Significance  of  Impact  Forces 

IsESKs-'S-O  'SS 

Remember  the  following  basic  formula  from  our  friend  Newton: 

F  =  ma 


This  formula  tells  us  that  if  the  impact  forces  betweeri  the 

two  boats  are  lower,  then  the  corresponding  in 

also  This,  in  itself,  is  good  news.  Many  injuries  in 

automobile  accTdWts  are  caused  by  J ^“es  "or 

various  interior  portions  of  the  vehicle  as  it 
decelerates  violently  due  to  large  impact  forces.  This  larg 
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impact  force  may  be  the  result  of  being  struck  by  a  second  vehicle 
or  from  the  vehicle  striking  a  fixed  object.  The  good  news  for  the 
boater  is  that  it  appears  that  the  occupants  in  a  stationary  boat 
are  not  as  likely  to  be  injured  by  having  their  boat  violently 
jerked  out  from  under  them  as  perhaps  they  would  in  a  car.  This  is 
because  lower  impact  forces  result  in  correspondingly  lower 
accelerations. 

The  bad  news  is  that  an  impacting  vessel  can  strike  a  second 
boat  and  penetrate  the  sides  and  interior  in  such  a  way  as  to  make 
contact  with  the  occupants  directly.  The  results  here  can  be 
fatal. 

From  the  observance  of  experimental  collisions,  it  appears 
that  some  of  the  highest  potential  for  serious  injury  due  to  sudden 
changes  in  acceleration  of  a  vessel  occur  in  over-ride  situations. 
The  impacting  vessel  has  two  opportunities  to  experience 
significant  decelerations.  The  first  is  during  impact  with  the 
other  vessel.  The  amount  of  deceleration  experienced  by  the 
striking  vessel  at  impact  is  related  to  the  guantity  and  strength 
of  structure  on  the  other  boat  through  which  the  striking  boat 
penetrates.  The  velocity  of  the  striking  boat  may  decrease  only 
slightly  during  the  impact  or  it  may  go  to  zero. 

The  second  opportunity  for  serious  injury  from  rapid 
accelerations  to  occupants  of  the  striking  boat  is  upon  re-entry 
into  the  water.  During  a  high  speed  over-ride  accident,  the 
striking  boat  may  be  launched  high  into  the  air.  It  may  re-enter 
the  water  with  sufficient  vertical  velocity  to  injure  its  occupants 
upon  impact.  These  re-entries  have  created  sufficient  forces  to 
crack  boat  hulls,  separate  hull  and  deck  joints,  and  break  seat 
mountings . 


7.13.4  Impact  Forces  -  Point  of  Application 

During  a  collision,  the  point  of  application  of  the  impact 
force  relative  to  the  CG  helps  to  determine  the  subsequent  motion 
of  the  boat.  We  want  to  look  at  the  general  case  of  how  this 
applies  to  any  object  before  we  look  at  the  specifics  of  boats. 
With  respect  to  the  location  of  the  impact  force,  the  impact  is 
classified  as  either  a  centered  impact  or  an  eccentric  impact. 

Centered  Impact  -  A  centered  impact  is  one  in  which  the  impact 
force  is  in  line  with  the  CG  of  the  struck  object.  The  result  is 
a  change  in  velocity.  The  struck  object  does  not  rotate. 

Eccentric  Impact  -  An  eccentric  impact  is  one  where  the  impact 
force  is  not  in  line  with  the  CG  of  the  struck  object.  As  a 
result,  the  struck  object  changes  velocity  and  rotates. 

The  application  of  this  principle  for  automobiles  is  well 
known  in  automobile  accidents  and  is  shown  in  Figures  7-5  and  7-6. 
Figure  7-5  shows  possible  locations  where  an  impact  force  could  be 
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for  a  centered  impact. 

Fiaure  7-6  shows  possible  locations  for  the  impact 
will  relult  in  an  eccentric  impact.  Random  circumstances  would-be 

much  more  likely  to  produce  an  eccentric  _  eccentric 

Tn  nrsctice.  field  experience  has  shown  that  eccenrri 

iSpac^;  are  mSch  pore  copmon  in  automobiles  than  oentersd  i^P^tts 
Fvpn  head  on  collisions,  which  are  usually  thought  of  as  cenrere 
imoLtr  ofte^nvolve  some  eccentricity  that  causes  a  misalignment 
of  impacrforces  with  the  CG.  A  true  centered  is  rare 

Note  that  in  Figure  7-6  that  a  moment  (torque  or  turning  action) 
p?oducef  about  \he  CG  by  any  of  the  impact 

magnitude  of  the  moment  determines  how  quickly  the  vehicle  will 
rotate . 
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Torques  and  Moments 


A  moment  is  simply  a  torque  or  a  turning 
aVhrtii-i-  an  obiect  or  the  torque  applied  to  an  object  is  technicalli 
defined  as  the  force  times  the  perpendicular  distance  of  the  line 
oriStiofof  the  force  from  the  CG  of  the  object.  m  Figure  7-6, 
if  FI  and  F2  are  of  equal  magnitude,  then  the  F2  wouW  produce  a 
iLhL  ?otatio^al  velocity  than  FI,  all  other  things  being  equal. 
Note  that  the  torque  is  not  determined  by  the  distance  of  the 
S  appUcation  of  the  force  from  the  CG,  ‘■“t  the  distance  of  the 
line  Of  application  of  the  force  from  the  CG.  Figure 
illustrates  the  difference. 

This  difference  is  important  because  of  the 
novice  to  assume  that  the  farther  away  from  the  CG  the  force  is 
aoolied  the  greater  the  moment  and  hence  the  corresponding 
rotational  speed.  Figure  7-7  shows  forces  FI  and  F2 ,  both  equal  to 
5000  lbs  of  force.  The  actual  distance  of  the 

o?  the  lo?ce  FI  from  the  CG  is  represented  by  D.  This  distance  has 
no  bearing  on  the  moment  produced  by  FI.  The  distance  C  is  the 
horizontal  component  of  the  distance  of  FI's  point  of  application 
fT-ftifl  the  CG  This  distance  is  not  the  same  as  the  perpendicular 
StaS:  Shich  S  ?eqi?«d  for  the  calculation,  thus  the  value  of 

C  alone  has  no  bearing  on  the  value  of  the  ^which 

The  real  distance  to  be  concerned  with  is  represented  t'Y  f  ' 

is  the  distance  between  two  parallel  lines.  P®\®^thi  line 

passes  through  the  CG  parallel  to  a  second  line  which  is  the  line 

of  force  FI. 

In  Figure  7-7,  you  can  easily  find  the  perpendicular  distance 
of  FI  from  the  CG  by  performing  the  following  steps: 

A.  Extend  a  line  through  the  CG  so  that  it  is  parallel  to 
FI. 
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B.  Measure  the  distance  between  the  two  parallel  lines.  You 
should  use  a  right  angle  such  as  found  on  a  right 
triangle  for  accuracy.  The  two  parallel  lines  are  always 
the  same  distance  apart,  so  the  distance  between  the  two 
can  be  measured  at  any  point. 

^  Let's  go  back  to  Figure  7-7.  The  torque  or  moment  produced  by 
F2  IS  the  product  of  F2  times  B,  which  is  the  perpendicular 
distance  to  use  for  the  calculation  of  torque  for  F2.  Here  we  see 
that  the  torque  produced  by  F2  about  the  CG  is  greater  than  that 
produced  by  FI,  even  though  it  appears  that  FI  is  farther  away  from 
the  CG.  ^ 

The  main  point  to  remember  is  that  for  a  given  impact  force, 
the  magnitude  of  the  moment  produced  by  that  impact  force  is 
determined  by  the  perpendicular  distance  of  the  line  of  action  of 
that  force  from  the  CG.  It  is  not  determined  by  how  far  away  from 
the  CG  that  force  is  applied. 

High  impact  forces  applied  to  automobiles  can  send  a  vehicle 
spinning  across  the  highway  at  high  rotational  speeds.  Rotational 
speeds  as  high  as  300  to  400  degrees  per  second  are  attainable  and 
the  vehicle  may  make  several  complete  rotations  before  coming  to  a 
rest.  This  is  possible  due  to  the  limited  friction  forces  applied 
by  an  automobile's  tires. 


7,13.6  Impact  Forces  as  Applied  to  Boats 

In  automobile  collision  analysis  the  impact  force  is  not  the 
only  force  to  be  considered.  The  friction  forces  between  the  tires 
and  the  road  surface  are  present  to  varying  degrees  depending  upon 
the ^  particular  situation.  Virtually  all  texts  on  automobile 
accident  reconstruction  neglect  tire  forces  during  the  analysis  of 
the  actual  impact.  This  has  proven  to  be  an  acceptable 
simplification  for  most  situations,  because  the  impact  forces  are 
generally  orders  of  magnitude  greater  than  friction  forces 
generated  by  tires  on  the  road  surface.  It  is  also  a  very 
convenient  simplification  since  it  is  difficult  to  analyze  the 
actual  tire  forces  during  a  real-time  collision.  Engineers  and 
scientists  often  make  these  types  of  assumptions  and 
simplifications  in  the  early  stages  of  solving  complex  problems  to 
get  to  the  heart  of  the  problem.  As  additional  knowledge  and  data 
become  available,  the  details  are  supplied.  To  conduct  an  analysis 
of  boat  collisions,  we  too  will  have  to  make  some  assumptions  and 
simplifications  wherever  possible.  The  difficult  part  is  knowing 
in  the  early  stages,  what  assumptions  can  be  made  without 
destroying  the  validity  of  the  phenomenon  being  studiedl 

The  concepts  of  the  previous  section  most  certainly  apply  to 
boats  as  well  as  cars.  Boats  experience  impact  forces  and  moments 
during  a  collision  just  as  automobiles  do.  The  careful 
investigator  will  also  note  that  boats  seldom  have  tires  and  cars 
do  not  float  (no  doubt  there  have  been  a  few  exceptions)  .  How  then 
are  the  applications  of  these  concepts  different  for  boats? 
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A  boat  sitting  stationary  in  the  water  can  be  impacted  by  a 
second  vessel  traveling  at  high  speeds  so  as  to  create  the  maximum 
possible  moments,  and  it  may  or  may  not  experience  a  ^^pid 
rotation.  The  boat  will  certainly  tend  to  rotate,  but  the 
resulting  rotational  velocity  is  not  easy  to  predict.  From 

observation  of  un-instrumented  experimental  collisions,  it  appear 
that  the  dampening  effect  of  the  water  will 

rotational  velocity  to  values  that  are  virtually  negligible  almost 
immediately  after  the  two  vessels  are  no  longer  in  contact, 
rotational  rates  during  the  actual  impact  are  likely  to  be 
achievable.  Were  it  not  for  the  hydrodynamic  forces,  i.e.  the 
dampening  effect  of  the  water,  the  rotational  velocities  would 
certainly  be  greater. 


7.13.7  Impact  and  Thrust  Direction 


This  section  would  not  be  complete  without  discussing  thrust 
direction.  Some  texts  also  refer  to  it  as  principle  direction  of 
force.  Simply  stated,  it  is  the  thrust  direction  that  determines 
why  objects  bend  and  shift  in  a  certain  direction  during  the 
impact.  Automobile  reconstructionists  generally  assume  that  the 
thrust  can  be  considered  to  be  concentrated  at  the  point  of  maximum 
penetration,  which  is  usually  the  position  of  maximum  engagement. 
For  autos,  this  is  probably  true.  If  one  had  to  plot  a  force  vs. 
deflection  curve  for  an  automobile  body,  it  would  certainly  always 
have  a  positive  slope.  The  outer  structure  of  an  automobile  will 
continue  to  offer  some  kind  of  resistance  to  further  penetration  by 
an  outside  force. 


A  boat  hull  however,  behaves  more  like  an  eggshell  in  a 
collision  rather  than  a  solid  object.  The  outer  perimeter  offers 
an  initially  strong  resistance  to  penetration,  then  gives  way 
entirely.  This  is  especially  true  for  a  vessel  struck  from  the 
side.  The  point  of  maximum  engagement  in  an  over-ride  accident  is 
probably  not  the  point  of  highest  impact  forces.  A  force  vs. 
deflection  curve  for  a  boat  hull,  especially  with  an  impact  force 
applied  from  the  sides,  may  not  always  have  a  positive  slope.  It 
is  perhaps  more  accurate  to  think  of  Figure  7-8  as  a  force  vs. 
penetration  distance  curve.  Figure  7-8  illustrates  this  concept 
for  an  automobile.  Here  we  see  that  the  force  F,  required  to  crush 
the  front  of  the  vehicle  is  proportional  to  the  crush  distance  D. 
A  common  accident  reconstruction  technique  in  automobile  accidents 
is  to  use  the  crush  energy  required  to  deform  a  vehicle  a  certain 
amount  to  estimate  the  speed  of  the  vehicle  at  the  time  of  the 
impact.  Figure  7-9  shows  that  the  distance  which  an  object 
penetrates  a  boat  hull  is  not  necessarily  proportional  to  the 
penetration  distance.  For  an  open  motorboat,  once  penetration  of 
the  initial  side  is  complete,  there  may  be  little  or  no  structure 
which  resists  further  penetration  except  for  the  opposite  hull 
side. 


The  thrust  direction  may  change  during  the  course  of  an 
impact.  Determining  the  thrust  direction  can  be  important  in 
determining  the  relative  angles  of  impact.  Thrust  direction  in 


7-18 


automobiles  can  be  determined  in  automobile  accidents  by  carefully 
analyzing  the  physical  damage  to  the  vehicle.  With  boats,  it  is 
not  so  easy.  Because  fiberglass  has  the  tendency  to  break  loose 
during  impact  and  then  spring  back  into  position,  it  is  difficult 
to  examine  a  boat  and  determine  the  thrust  direction.  If  the  boat 
struck^  a  stationary  object,  the  thrust  direction  will  be  the 
direction  opposite  of  the  boat's  direction  of  movement.  Note  that 
the  direction  of  movement  may  or  may  not  be  the  same  as  the 
direction  in  which  the  boat  was  pointed.  The  boat  may  have  been 
skidding  across  the  water  slightly  if  the  operator  had  made  a  hard 
turn  to  avoid  the  object.  Also,  if  the  impact  was  eccentric, 
resulting  rotations  may  leave  damage  patterns  that  hide  the  initial 
thrust  direction. 

When  two  boats  collide,  the  thrust  directions  for  each  boat 
act  in  exact  opposite  directions  from  each  other.  Remember  that 
this  direction  may  change  as  the  impact  progresses.  The  thrust 
direction  may  sometimes  be  determined  by  the  location  of  objects 
which  have  shifted  location  from  their  original  position. 
Determination  of  which  direction  occupants  were  thrown  can  also 
help  to  determine  thrust  direction.  These  techniques  work  well  in 
autos,  but  once  again  in  boats,  caution  is  warranted. 

The  problem  with  using  the  location  of  shifted  objects  and  the 
motion  of  occupants  is  that  rotation  during  a  collision  will  alter 
the  location  of  these  objects  such  that  what  is  seen  is  the 
combined  result  of  both  rotation  and  translation.  At  this  point  in 
our  capability,  it  is  not  possible  to  separate  which  components  of 
the  motion  were  due  to  rotation  and  which  were  due  to  translation. 
Thus,  without  additional  data,  the  true  thrust  direction  remains  an 
uncertainty. 

Figures  7-10  and  7-11  illustrate  that  there  can  be  many 
combinations  of  forces  and  resulting  motions  that  produce  the 
displacement  of  an  object. 

Figure  7-10  is  one  of  the  few  examples  of  a  true  centered 
impact  without  rotation  which  is  likely  to  occur  in  the  boating 
arena.  In  this  diagram,  a  boat  has  collided  with  a  seawall  head- 
on.  The  direction  of  thrust  really  is  opposite  to  the  direction  in 
which  the  object  shifted.  We  see  that  the  cover  of  the  motor  slid 
forward  as  a  result  of  the  impact. 

Figure  7-11  is  a  more  likely  scenario.  It  is  a  theoretical 
case  involving  extremely  rapid  vessel  rotation.  One  might  be 
tempted  by  examination  of  the  direction  of  the  shifted  engine  cover 
to  incorrectly  determine  that  the  thrust  direction  was  that 
indicated  by  the  arrow  at  Tl.  We  have  two  clues  in  the  drawing  as 
to  why  this  may  not  be  an  accurate  assessment. 

First,  if  the  thrust  direction  were  that  as  indicated  by  Tl, 
the  impact  would  be  eccentric,  thus  normally  resulting  in  some 
rotation.  This  would  immediately  cause  us  to  re-evaluate  what  the 
true  thrust  direction  must  have  been  since  rotation  likely 
occurred.  We  would  also  expect  to  see  damage  at  Tl. 
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second,  and  more  obvious,  the  damage  to  the  starboara  bow  of 

"""th  n  iSat"?^rthru*st  d^rSct“Kn  was  ?ha\"  IndlctS  by  T2,  and 
Jharthfweidhf of  thfbunet  toaJ  was  sufficient  to  press  down  tte 

in\h1  SVrtV"of  rotatTo?)  -aV  itTosriMe  fo? 

Sre^Snr;fer<to  shUt^^n^ 

nil  ^a“r;o;pon;nt°S\he  positive  x  direction!  Future  testing 
is  needed  to  confirm  that  this  is  really  possible,  but  it  appears 
theoretically  achievable. 

The  examination  of  shifted  ^thl 

direction  of  the  total  acceleration  vector  of  that  of  fjjj 

biat  This  piece  of  information  is  valuable  in  ascertaining  the 
resulting  motions  of  a  vessel  during  an  impact. 

It  is  important  to  remember  that  the  direction  ^  object 
actuary  shiit^Lring  a  collision  is  partly  determined  by  how  it 
If  secured.  The  engine  cover  may  have  been  P^f^^^^ing  from 
shifting  in  a  direction  exactly  opposite  of  the  local 
of  that^component  of  the  boat  by  other  objects  in  the  way  or  by  the 
way  its  fastening  means  failed. 

DO  not  be  confused  by  relating  the  direction  °f 
acceleration  rather  than  local  velocity.  I*"  ®  .J" 

velocity,  which  is  by  definition  acceleration,  that  creates  the 

forces  which  cause  an  object  to  shift.  The 

an  indication  of  local  accelerations,  not  local  velocities. 

7.14  Friction  and  Hydrodynamic  Resistance 


7.14.1 


Friction 


We  all  know  that  when  we  try  to  slide  one  object  over  another, 
there  is  some  force  that  tends  to  resist  that  sliding  motion.  This 
ffcl  is  known  as  friction.  The  basic  friction  forces  generated 
between  any  two  objects  in  contact  are  based  on  classic  friction 
tf  ory  Th\s  theory  states  that  the  friction  force  produced  by  two 
f ??ac;s  Tn  contact  is  equal  to  the  coefficient  of  friction  times 
the  normal  contact  forces  between  the  two  objects.  Mathematica  y, 
it  is  expressed  as  follows: 

f  =  uN 


f  =  friction  force 
u  =  coefficient  of  friction 
N  =  Normal  forces 


7-20 


Friction  is  important  from  the  perspective  of  analyzing  boat 
collisions  in  two  particular  applications: 

1.  Whenever  an  over-ride  situation  occurs,  the  two  boats  are 
at  least  momentarily  sliding  across  each  other.  Some  of 
the  kinetic  energy  of  one  or  both  boats  is  lost  due  to 
friction. 

2.  When  a  boat  runs  up  onto  shore,  or  slides  over  any 
consistent  surface  such  as  a  boat  ramp,  dock,  or  even 
another  larger  boat,  kinetic  energy  is  lost  due  to 
friction. 

In  the  first  case,  the  energy  lost  due  to  friction  may  be 
insignificant.  In  the  second  case,  much  of  the  kinetic  energy  is 
lost  due  to  friction  and  may  be  used  to  estimate  the  impact  speed 
of  the  boat. 

The  second  case  is  not  unlike  estimating  the  speed  of  an 
automobile  based  on  the  length  of  the  skidmarks,  the  grade  of  the 
slope  and  the  coefficient  of  friction. 


7.14.2  Hydrodynamic  Resistance 

Just  as  there  is  friction  when  one  object  slides  across 
another,  so  there  is  resistance  when  a  boat  or  other  object  is 
moved  through  the  water.  The  value  of  the  hydrodynamic  resistance 
of  a  submerged  body  in  a  fluid  depends  on  many  factors,  but  of 
primary  importance  are  the  shape  of  the  object,  the  projected  area, 
and  the  flow  velocity .  Any  boat  moving  through  the  water  has  to 
push  a  certain  amount  of  water  out  of  its  way  in  order  to  travel. 
This  resistance  and  its  magnitude  are  not  generally  of  great 
concern  with  regard  to  collision  analysis  of  small  boats. 

The  hydrodynamic  resistance  which  concerns  us  in  collision 
analysis  is  that  which  acts  on  the  hull  in  a  direction  opposite  the 
impending  motion.  The  hydrodynamic  resistance  plays  a  role  in 
determining  vessel  reactions.  There  are  three  distinct  scenarios 
which  are  worth  considering  with  regard  to  the  affects  of 
hydrodynamic  resistance.  We  will  look  in  more  detail  at  a 
stationary  boat,  a  boat  fully  on  plane,  and  a  boat  at  "hump"  speed 
just  beginning  to  come  up  on  plane. 


7.14.2.1  Hydrodynamic  Resistance  Effects  for  a  Stationary  Boat 

When  a  stationary  vessel  is  struck  from  the  side,  the 
hydrodynamic  resistance  prevents  the  hull  from  sliding  rapidly 
through  the  water  sideways.  We  saw  in  section  7-6  how  the 
hydrodynamic  resistance  acts  through  the  CLR  for  a  stationary  boat. 
The  magnitude  of  the  resistance  is  important  for  it  plays  a  role  in 
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determining  the  corresponding  lateral  f 

the  struck  boat.  In  a  centered  impact,  the  lateral  acceleration 

experienced  by  the  boat  in  Figure  7-12  may  be  expressed  as 


Fnet  = 

Fi-  Fj,  =  ma 


where  Fi=  impact  force 

hydrodynamic  resistance 


net 


=  net  force,  or  resultant  force 


Based  on  the  above  equations,  consider  the  effect  of  a  change 
in  the  lateral  resistance  alone.  The  value  of  F^  may  be  relatively 
low  or  relatively  high  depending  upon  the  boat's  design. 

Examples  of  boats  with  relatively  low  lateral 
include  small  rowboats,  flat  bottom  boats,  canoes,  Don  boats  and 
mSSrsmalTmo^^^^^  Small  sailboats  with  their  daggerboards^^ 

centerboards  in  the  up  position  would  also  have  low  lateral 
resistances. 

Boats  with  relatively  higher  lateral  resistances  would  include 
deeper  draft  boats  of  all  types,  including  V-hulls,  heavier 
tri-hulls  and  sailboats  with  fixed  keels  or  smaller  sailboats  with 
dcig^Birboairds  oir  cBnt6irboa3rds  lowBirsd. 

During  a  centered  lateral  impact,  where  the  impact  f ^ 
line  with  the  CR,  a  collision  with  a  target  boat  with  a  low  lateral 
risL'ance  mar  exhibit  characteristics  that  are 

compared  to  an  impact  with  a  target  boat  ^’^^^nteJed 

resistance.  For  example,  a  struct  or  target)  boat  in  a  centered 
!a?i?ar  Collision  as  shown  in  Figure  7-12b  may  exhibit  the 
following  characteristics: 

Increased  values  of  lateral  acceleration; 

Decreased  peak  contact  forces  between  the  boats  during 
collision; 


a. 

b. 

c. 

d. 

e. 

f . 


Less  iinpact  damage; 

Slightly  decreased  chances  of  over-ride/penetration 
occurrence; 

Increased  chance  of  injury  to  occupants  due  to  secondary 
collision  with  boat  interior 

Increased  chance  of  occupants  being  thrown  from  the 
target  boat  due  to  the  greater  acceleration  values. 


7-22 


For  this  example,  we  are  assuming  that  the  target  boat  has  a 
velocity  of  zero,  that  is,  it  is  stationary  in  the  water.  These 
characteristics  would  also  likely  be  true  when  the  target  boat  is 
moving,  but  is  not  yet  on  plane.  Once  a  boat  is  on  plane  the  above 
characteristics  may  not  be  true  at  all.  The  degree  to  which  any  of 
these  characteristics  becomes  apparent  in  a  particular  collision  is 
dependent  upon  many  factors  other  than  just  the  lateral  resistance 
of  the  hull.  All  other  things  being  equal  (which  they  never  are), 
the  above  tendencies  should  remain  true  when  the  impact  with  a  boat 
with  a  low  lateral  resistance  is  compared  to  the  impact  of  a  boat 
with  a  relatively  high  lateral  resistance.  The  extreme  scenario 
for  this  example  would  be  for  the  struck  boat  to  have  almost  zero 
lateral  resistance.  This  would  be  virtually  equivalent  to  having 
the  boat  sit  on  a  sheet  of  ice  when  struck.  In  reality,  even  the 
most  shallow  of  boats  will  have  a  significant  amount  of  lateral 
resistance  when  struck  from  the  side  by  another  vessel. 

For  light  weight  boats  with  a  low  lateral  resistance, 
accelerations  of  the  struck  boat  can  be  fairly  great,  and  yet  the 
resulting  visible  damage  may  be  slight.  The  explanation  in 
simplistic  terms  is  that  since  the  struck  boat  is  able  to  move  more 
easily  out  of  the  way  of  the  bullet  boat,  due  to  low  mass  and  low 
lateral  resistance,  the  impact  forces  may  remain  relatively  small, 
thus  causing  minimal  damage.  In  this  scenario,  more  of  the  impact 
force  is  absorbed  by  the  target  boat  as  kinetic  energy  rather  than 
damage.  This  would  not  be  the  case  if  a  boat  with  greater  lateral 
resistance,  such  as  a  full  keeled  sailboat,  was  struck. 

This  concept  is  more  aptly  explained  by  understanding  the 
relationship  of  impulse  to  momentum.  The  impulse  is  equal  to  the 
integral  of  the  force  over  the  contact  period  and  it  determines  the 
corresponding  change  in  linear  momentum  of  the  object  struck. 
Since  the  boat  with  a  lower  lateral  resistance  is  in  contact  longer 
with  the  struck  boat,  the  peak  contact  forces  may  be  lower  and 
achieve  the  same  total  impulse.  The  value  of  the  impulse  may 
be  derived  graphically  by  finding  the  area  of  the  force  vs.  time 
curve.  Figure  7~13  shows  two  theoretical  graphs  of  force  vs.  time 
curves^  that  illustrate  this  effect.  The  actual  values  for  a 
collision  are  unknown  since,  as  of  this  writing,  these  forces  have 
never  been  measured  in  a  boat  collision. 

It  is  important  to  note  that  we  could  have  listed  only  the 
characteristic  in  (a)  above.  Everything  else  is  an  obvious 
repercussion.  The  characteristics  listed  in  (b)  through  (f)  above 
are  all  results  of  the  increase  in  lateral  acceleration  of  the 
struck  boat. 

The  trends  for  the  striking  vessel  involved  in  a  centered 
lateral  impact  with  a  target  boat  with  a  relatively  low  lateral 
resistance  should  now  be  clear.  When  a  vessel  is  involved  in  a 
collision  of  this  type,  the  bullet  or  striking  vessel  may  exhibit 
the  following  characteristics: 

a.  Lower  values  of  longitudinal  deceleration; 
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Decreased  peak  contact  forces  between  boats  during 
impact ; 


c.  Less  impact  damage; 

d.  Less  chance  of  over-ride/  penetration; 

e.  Decreased  chance  of  injury  to  occupants  of  the  striking 
boat  due  to  secondary  collisions  with  boat's  interior; 

f.  Decreased  chance  of  occupants  of  striking  boat  being 
thrown  into  the  water. 


The  only  difference  between  the  listed  characteristics  of  the 
striking  boat  and  the  target  boat  is  the  change  in  acceleration 
experienced  by  each.  The  striking  vessel,  in  this  example,  should 
experience  a  slight  decrease  in  longitudinal  deceleration  at 
impact.  The  resulting  tendencies  related  to  occupant  motion  are  a 
direct  result. 


Consider  what  happens  to  the  struck  boat  in  the  same  scenario, 
if  that  boat  now  has  a  large  lateral  resistance.  The  opposite 
characteristics  should  be  present.  To  be  specific,  e 
characteristics  experienced  by  the  target  vessel,  during  a  centered 
lateral  impact  which  has  a  relatively  high  lateral  resistance,  are 
as  follows: 


Decreased  values  of  lateral  acceleration; 

Increased  contact  forces  between  the  two  boats  during 
impact ; 


More  severe  impact  damage; 

Increased  chance  of  an  over-ride,  and/or  penetration; 

Decreased  chance  of  injury  to  occupants  due  to  secondary 
collisions  with  boat's  interior;  however,  there  is  now  an 
increased  chance  of  injury  due  to  direct  contact  with  the 
bullet  boat  or  related  debris  (if  penetration  occurs) ; 


f.  Decreased  chance  of  occupants  being  thrown  into  the  water 
due  to  decreased  lateral  accelerations. 

Once  again,  this  example  assumes  that  the  struck  boat  is 
stationary  in  the  water  and  struck  from  the  side.  The  tendency 
toward  over-ride  vs.  non-over-ride  impact  as  it  relates  to  the 
lateral  resistance  is  speculative  and  subjective  at  this  point. 
The  magnitude  of  the  effect  of  the  lateral  resistance  and  these 
tendencies  toward  over-ride  is  difficult  to  quantify  and  needs  to 
be  evaluated  by  further  testing  before  definite  conclusions  are 
made. 
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The  examples  used  in  this  section  also  parallel  the  effects  of 
increased  vs.  decreased  mass  of  the  struck  boat.  That  is,  the  boat 
with  the  lower  mass  will  tend  to  accelerate  more  rapidly  during 
impact  and  the  boat  with  significant  mass  will  accelerate  more 
slowly.  The  characteristics  listed  above  for  a  boat  with  a  low 
mass  are  comparative  to  those  of  a  boat  with  a  low  value  of  lateral 
resistance. _  Conversely,  the  characteristics  listed  for  a  collision 
of  a  boat  with  a  large  mass  are  parallel  to  those  listed  for  a  boat 
with  a  large  lateral  resistance. 


7.15  Friction  and  Hydrodynamic  Resistance  in  Collisions 

While  it  may  be  generally  valid  to  neglect  tire  friction 
forces  in  automobiles,  it  is  probably  not  valid  to  neglect 
hydrodynamic  resistances  in  boat  collisions.  The  closest 
equivalent  of  friction  of  tire  forces  on  a  boat  is  the  hydrodynamic 
resistance  of  the  water  in  which  it  floats.  These  forces  are  very 
different  from  friction  produced  by  automobile  tires.  Friction 
produced  by  automobile  tires  is  a  predictable  and  relatively  well 
known  phenomenon.  The  maximum  value  of  the  friction  force  produced 
by  tires  during  a  collision  is  limited  and  is  a  function  of  the 
coefficient  of  friction  between  the  two  surfaces,  and  the  load 
placed  on  the  tires.  The  point  of  application  of  the  tire  friction 
forces  to  the  automobile  is  always  known  since  it  must  be 
transmitted  to  the  vehicle  through  the  axles  and  suspension. 

Hydrodynamic  forces  during  a  two  boat  collision  are  different 
from  tire  friction  in  automobiles  and  exhibit  some  of  the  following 
characteristics : 

1.  There  is  no  theoretical  limit  to  the  value  of  the 
hydrodynamic  force  based  on  the  boat's  weight. 

2.  The  point  of  application  of  the  hydrodynamic  force  may 
vary  during  the  accident. 

3.  The  magnitude  of  the  hydrodynamic  resistance  during  a 
collision  is  generally  proportional  to  the  speed  of  the 
boat  hull  through  the  water,  and  is  therefore  related  to 
the  mass  of  the  struck  boat  and  the  impact  force. 

4.  The  magnitude  of  the  hydrodynamic  resistance  is  likely 
not  negligible  when  compared  to  the  impact  forces  on 
small  two  boat  collisions. 

5.  During  a  two  boat  collision,  as  the  mass  of  the  target 
boat  increases,  the  significance  of  the  hydrodynamic 
forces  decreases. 

The  above  statements  are  hypotheses  based  on  data  accumulated 
thus  far,  and  have  not  been  verified  by  experimentation.  If  all  of 
the  above  statements  are  true,  one  conclusion  to  be  made  is  that 
hydrodynamic  forces  during  a  small  boat  collision  are  generally  not 
negligible.  Hydrodynamic  forces  are  likely  to  be  small  whenever 
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the  target  boat  does  not  tend  to  move  through  the 
SLro^cur  when  a  small  boat  strikes  a  S 

mass  Another  case  is  where  the  impulse  of  the  impact  force  is 
applied  over  such  a  short  time  duration  that  the  struck  boat  would 
not  have  likely  moved  much  anyway.  Examples  of 

involving  a  high  speed  bullet  boat  striking  a  stationary  target 
bSat  and  Lintaining  contact  for  a  very  small  time  duration. 
Another  way  to  consider  whether  hydrodynamic 
significant  is  to  think  about  what  might  have  happened  if  the  two 
boats  had  somehow  collided  on  land. 

For  example,  if  a  16  foot  bass  boat  traveling  at  70  mph 
strikes  an  18  foot  stationary  ski  boat  from  the  side,  and  the 
resulting  collision  is  an  over-ride,  would  we  expect  the  ski  boa 
to  move  much?  We  will  assume  that  the  bass  boat  penetrated  t 
first  hull  side  and  went  airborne  such  that  it  cleared  the  second 

side. 

The  key  here  is  to  realize  that  in  an  over-ride,  the  bullet 
boat  is  likely  to  retain  much  of  its  kinetic 
also  reduce  the  contact  time  with  the  struck  vessel,  ^s  ^ 

the  18  foot  ski  boat  suffers  damage  only  on  one  ® 

amount  of  kinetic  energy  would  have  been  lost.  .  unlikely 

could  have  somehow  occurred  on  a  sheet  of  ice,  it  is  still  un  y 

that  the  target  boat  would  have  moved  laterally  very  much  during 

the  collision. 

One  of  the  questions  that  remain  in  the  detailed  analysis  of 
boat  collisions  is  just  what  effect  the  hydrodynamic  forces  have  on 
both  the  target  boat  and  the  bullet  boat.  Hydrodynamic  forces  are 
one  of  the  reasons  that  traditional  impact  methods  used  in 
automobile  analysis  have  not  proven  useful  for  ^ity 

is  struck  and  given  some  initial  linear  and/or  rotation  ,  j 

am  a  result  of  the  impact,  that  motion  is  Immediately 
dampened  by  the  water  in  which  the  boat  floats.  This  is  part  of 
what  makes  the  analysis  of  boat  collisions  so  complex. 
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The  Relationship  of  Lateral  Forces  and  CLR  Location  to  Boat  Rotation 

Figure  7-1 
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Outboard  Motor  Changes  the  Location  of  the  CLR 

Figure  7-2 


PI  =  Pre-Accident  Position 
P2  =  Post  Accident  Position 


The  Engine  Cover  Slides  Forward  During  This  Centered  Impact 

Figure  7-10 
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Side  Impact  with  Boat  Having  High  Lateral  Resistance  and  High  Mass 
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Side  Impact  with  Boat  Having  Low  Lateral  Resistance  and  Low  Mass 


Theoretical  Force  versus  Time  Curves 


Figure  7-13 


CHAPTER  8 


AUTOMOBILE  ACCIDENT  RECONSTRUCTION  TECHNIQUES 
AND  HOW  THEY  RELATE  TO  BOAT  COLLISION  ANALYSIS 


8.0  Introduction 

Automobile  accident  reconstruction  as  a  serious  field  of  study 
around  much  longer  than  boat  collision  accident 
The  learned  about  automobile  accidents. 

1 ,  ?  ®  chapter  is  to  show  how  concepts  of  automobile 

collision  accident  reconstruction  relate  to  the  study  of  boat 
collisions. 

Cars  have  been  running  into  each  other  almost  as  long  as  cars 
have  been  around,  and  accident  reconstruction  techniques  have  been 
since  at  least  the  1920s.  The  advances  made  in  the  last 
thirty  years  are  of  great  significance.  Even  so,  experts  in 
automobile  accident  reconstruction  are  quick  to  point  out  that  it 
I  science.  Initial  speed  estimates  are  more 

expressed  in  ranges  of  probable  speeds  than  in  mph 
.  decimal  places.  Today,  numerous  books  have 

been  published  on  the  subject  of  automobile  collision  accident 
econstruction.  Each  year,  additional  papers  are  submitted  to  the 
Society  of  Automotive  Engineers  (SAE)  on  some  aspect  of  this 
subject  and  added  to  the  vast  number  already  available.  The  field 
IS  well  developed,  and  is  advancing  quite  rapidly  as  of  this 
writing.  By  contrast,  published  information  specifically  on  boat 
collision  accident  reconstruction  is  virtually  nonexistent. 

Since  automobile  collision  accident  reconstruction  is  the 
closest  developed  field  of  study  related  to  boat  collisions,  it  is 
tempting  to  apply  those  concepts  to  boats.  Many  of  the  differences 
between  auto  and  boat  accidents  were  discussed  in  Chapter  6. 

The  purpose  of  this  chapter  is  to  focus  on  those  areas  of 
automobile  accident  reconstruction  that  have  been  developed  that  do 
could  be  adapted  to  apply  to  the  boating  collision 
pro  Keep  in  mind  that  one  focus  of  this  research  project  was 

to  develop  collision  accident  reconstruction  techniques  based 
primarily  on  physical  evidence. 

A  review  of  numerous  texts  on  automobile  accident 
reconstruction  reveals  that  many  of  the  exact  same  topics  are 
covered  in  most  of  the  better  texts,  although  with  a  somewhat 
different  approach.  Each  section  title  in  this  chapter  is  one  of 

those  common  topics,  and  its  applica,bility  to  boat  collisions  will 
be  discussed. 
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8.1  Interviewing  Witnesses 

Interviewing  witnesses  is  one  area  in  the  field  of  boating 
accident  investigation  upon  which  much  has  been  taught  and  studied. 
?SrautoxnobTle  texts  usually  treat  this 

subiect  well,  also.  Additionally,  general  witness  ijiterviewing  is 
a  common  part  of  the  training  of  most  law  enforcement  officers, 
will  not  be  repeating  the  basics  of  witness  interviewing  in  this 

report . 

While  virtually  all  that  is  generally  taught  about 
interviewing  witnesses  applies  to  boat  collision  accidents  as  wel  , 
it  is  useful  to  point  out  some  of  the  different  considerations.  T  e 
primary  difference  is  that  often  the  boat  operator  or  other 
occupants  may  be  asked  to  make  estimates  of  boat  speed  or  to 
estiLte  distances  on  the  water.  For  example,  "How  fast  were  you 
going,  and  how  far  away  was  the  other  boat  when  you  first  saw  i  . 

are  common  questions. 

Many  boats  do  not  come  equipped  with  speedometers,  making  it 
difficult  for  the  operator  to  know  how  fast  he  was  going. 
cases,  the  boat  may  be  equipped  with  a  tachometer  which  the 
operator  may  or  may  not  have  read  prior  to  the  impact.  When 
cruising,  an  operator  may  have  a  usual  setting  at 
operate:  The  operator  may  then  be  able  to  provide  an  estimate  of 

speed  by  saying  that  he  was  operating  around  2800  RPM.  It  may  then 
S  possible  to  operate  the  boat  after  the  accident  at  the  same  RPM 
to  determine  the  boat's  approximate  speed. 

Even  if  a  boat  has  a  speedometer,  the  operator  may  not  have 
read  it  prior  to  the  impact.  The  accuracy  of  the  speedometer  on  a 
boat  is  generally  unknown.  Even  if  the  operator  J^®ad  his 
speedometer  just  prior  to  impact,  it  is  not  safe  to  assume 
speedometer  was  accurate.  Speedometers  in  the  boating  Indus  y 
often  indicate  higher  than  the  boat's  actual  speed. 

Estimates  of  boat  speed  should  first  be  obtained  in  general 
terms.  The  operator  should  be  able  to  reliably  tell  if  the  boat 
was  on  plane,  below  planing  speed,  or  somewhere  in  between.  Once 
'  this  has  been  established,  the  operator  can  the  be  asked  for  more 
precise  estimates . 

Estimating  distances  on  the  water  is  tricky  even  for  the 
experienced  eye.  An  operator's  estimate  of  distances  on  the  water 
should  always  be  viewed  with  caution.  Judging  distances  accurately 
on  the  water  is  a  tricky  task  that  the  average  boat  operator  has 
not  mastered.  This  is  especially  true  at  night. 
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of  the°road^than  4-^°  familiar  with  the  rules 

^  t  than  the  typical  automobile  operator.  An  operator  mav 

riahi-  about  "making  the  right  move"  or  about  who  had  the 

^  giving  a  description  of  an  accident.  When  this 

happens  the  operator  should  be  tactfully  questioned  to  see  if  he 

p?oilL  if  he  is  Lrefy  tl 

provide  the  right  answers  to  the  investigating  officer. 

previous  paragraph  applies  to  navigation  lights  also.  A 

prSL?^liahti  "“or  ^  statement  that  another  boat^did  not  have 

Sid  have  ^  according  to  the  lights  displayed,  the  boat 

stSeni-=  traveling  in  a  certain  direction.  When  such 

statements  are  made,  the  operator  should  be  tactfully  questioned  to 
determine  rf  he  really  knows  what  lights  are  requlriL^  Snofalain? 
a^lrs  f>^yin9.t°  gl.Vh  what  he  believes  are  the  light 

response  IS  similar  to  the  automobile  operator  who 

h^iad  nl  as  "3ust  below  the  speed  limit"  when  in  reality 

he  had  no  idea  what  the  speed  limit  was. 


8.2  Examining  Vehicles 

Since  the  accounts  of  witnesses  vary  in  degrees  of  accuracy 

for  to  find  some  unbiased  method 

place  during  an  accident.  One  of  the 

of  those  events  in  an  automobile  collision  is  the 
damage  to  the  vehicle. 


^  damage  can  potentially  be  used  to 

provide  the  following  information: 


the  general  directions  of  impact  of  one  vehicle  relative 
to  the  other ,  and  the  PDOF  (principle  direction  of  force) 

the  relative  magnitude  of  the  impact 


the  positions  of  the  vehicles  relative  to  each  other 
during  impact 


4.  estimates  for  the  crush  energy  and  hence  the  vehicle 
speed  3ust  prior  to  impact  (for  some  collisions) 

5.  occupant  motions 


Can  the  above  information  be  determined  about  a  boat  collision 
hy  examining  the  boat  damage  afterwards?  Which  of  the  techniques 
developed  for  automobiles  to  answer  the  above  questions  can  be 
applied  to  boat  collision  analysis?  Let's  answer  that  question  by 
considering  the  applicability  of  each  one  at  a  time. 
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1. 


2. 


Directions  of  Impact  -  General  directions  of 
be  determined  in  some  cases  by  applying 
principles  to  boats  as  cars,  but  with  caution.  The  way 
in  which  boats  deform  is  much  different  than  automobiles, 
however  a  general  range  of  angles  of  i^mpact  can  be 
determined.  Interpretation  of  damage  ^  - 

to  incorrect  estimates  of  impact  angles  if  the  effects 
rot^ation  are  not  taken  into  account. 

Relative  Magnitude  of  Impact  -  The  relative  ^ 

impact  is  difficult  to  quantify  in  boat  collisions. 
Crash  testing  required  for  automobiles  for  safety  reasons 
provides  numerical  specifics  on  automobiles  for  crush 
energy  and  deformation  relationships.  No  such  data 
exists  for  boats  and  the  mechanics  of  the  impact  are  much 
different. 

At  this  point  in  the  field  of  boat  collision  accident 
reconstruction,  it  is  not  generally  possible  to  determine 
an  accurate  impact  speed  of  a  striking  vessel  by 
examining  the  damage  to  a  struck  boat.  In  the  future,  it 
may  be  possible  to  estimate  the  minimum  impact  speed  of 
a  vessel  based  on  physical  damage.  Even  if  it  were 
possible,  for  certain  impact  geometries  such  as  glancing 
blows  and  over-rides,  this  estimate  will  likely  be  much 
lower  than  the  actual  impact  speed.  This  because  an 
unknown  amount  of  the  kinetic  energy  of  the  striking 
vessel  was  retained  as  kinetic  energy,  and  not  converted 
into  damage  to  the  struck  vessel. 

Glancing  blows  are  good  examples  of  accidents  that  can 
create  a  potentially  high  risk  of  injury,  ye  ^  cause 
little  visible  damage.  During  an  earlier  experimental 
collision,  a  16  foot  outboard  was  struck  on  the  bow  by  a 
larger  boat  traveling  about  30  mph.  The  damage  to  the  16 
foot  boat  was  so  minor  that  no  one  could  have  estimated 
the  impacting  boat's  speed  to  be  30  mph  based  on  damage 
alone.  The  16  foot  boat  experienced  rapid  rotation  during 
the  impact  which  could  have  caused  serious  injuries  o 
any  occupants. 


Relative  Positions  of  Vehicles  During  Impact  - 
Determining  positions  of  boats  relative  to  each  other  in 
a  collision  based  on  damage  analysis  employs  many 
concepts  from  the  automotive  world.  The  concepts  of 
damage  matching,  striation  analysis  and  imprints  are 
applicable  to  boats  as  well  as  cars.  It  is  more 
(jlfficult  to  leave  an  imprint  in  a  fiberglass  hull  from 
a  full  impact  than  in  the  sheet  metal  skin  of  a  car. 
Based  on  analysis  of  damage  in  field  accidents,  it 


8-4 


iKIl  rSuirid  ?  1  fiberglass  reach  the 

tvDiLl^t  imprint,  the  fiberglass 

^  breaks,  or  folds  completely  out  of 

i-esult  IS  a  damage  pattern  that  may  not 
resemble  the  component  which  struck  it  at  all. 

Vehicle  Speed  Based  on  Deformation  -  Estimates  for  crush 
ergy  and  hence  the  speed  involved  are  closely  related 
and  have  similar  problems.  The  data  on  the 
of  fiberglass  structures  during  impact  is  not 
impact^^^  available  to  relate  speed  to  damage  during 

Occupant  Motion  Analysis  -  Many  of  the  concepts  used  in 
automobiles  to  determine  occupant  motions  applies  to 
oats  also.  Steering  wheels,  dashboards,  windshield 
frames,  and  other  internal  structures  may  leave  signs 
that  they  were  impacted  by  the  occupant  during  the 
collision.  ^ 


High  accelerations  during  an  auto  collision  can  cause  an 
occupant  to  collide  with  such  strong  structures  as  doors 
and  dashboards  and  leave  a  noticeable  deformation.  The 
impact  of  occupants  with  the  hull  interior  near  the  sides 
of  a  boat  has  not  yet  been  documented  to  cause  similar 
deformations.  This  could  be  due,  in  part,  to  lower 
lateral  accelerations  experienced  during  boat  collisions. 

structures  in  the  interior  of  a  boat  are  of 
sufficient  strength  to  withstand  quite  an  impact  from  a 
human,  without  showing  signs  of  deformation. 

Automotive  texts  are  careful  to  explain  the  differences 
between  contact  and  induced  damage.  These  concepts  apply 
to  boats  also,  yet  the  actual  forms  of  each  will  have 
differing  characteristics. 


Standardized  procedures  have  been  developed  by  some 
texts,  as  well  as  by  various  law  enforcement  agencies  for 
documenting  damage  to  automobiles  that  goes  well  beyond 
completing  a  form.  Standardization  of  procedures  is  a 
good  Idea  and  should  be  pursued  for  boat  accidents  as 
well.  For  autos,  standardized  procedures  exist  for 
damage  diagrams,  damage  classification,  documenting 
vehicle  information,  obtaining  photos,  examination  of 
vehicle  interior  areas,  instruments,  lamps  and  other 
subjects.  The  investigator  could  learn  much  from  the 
s  u  y  of  these  subjects  in  automotive  texts  and 
subsequently  apply  many  of  the  techniques  to  boats. 


8.3  Tire  Examination 

Here's  one  that  certainly  has  no  relevance  to  boat  i 

Tn  the  literal  sense  that's  true,  however  the  subjects  of 
right.  In  tne  i  -h-i-rps  usually  go  together  in  the 

over-ride  collision  and  during  an  impact  with  a 
Shoreline.  The  ^-cident^^inveetigator^^ 

SndStanding  of  friction  and  its  role  in  auto  accidents  can  be 
helpful  in  the  analysis  of  a  boat  collision. 

8.4  Speed  Estimates  From  Skidmarks 

..boatrx.4^  le"av°rst?dir,l^"r 

pISiS  f  \t"'‘folt  ^l^fblat  ^“amming^'on  brlaks  and  | 

TAl  ro“e\?^hl ^ay\hat 

this  describes  a  grounding  pretty  well. 

Patimat ina  speed  based  on  skidmarks  employs  concepts  of  work, 
Estimating  speea  factor) .  Boat  accidents  involving  a 

“E:?H£“4=:>i:=LfS 

sSbjict  in  a  good  automobile  collision  accident  manual  would  likely 
be  helpful  to  a  boating  accident  investigator. 


8.5  Drag  Factor  and  Friction  Coefficient 

When  discussing  the  subjects  of  drag  factor  and  friction 
coefficients  aT they  relate  to  boats,  it  is  critical  to  understand 
?hat  thise  terms  only  apply  to  those  situations  where  a  boat  is 
^pnLJ??rou?  S?  ?Se  watL  and  sliding  across  a  surface.  These 
tSS  CC  not  apply  tC  a  boat  that  is  in  the  water.  When  a  boat  is 
CSCSe  water,  we  are  concerned  with  the  hydrodynabic  resistance. 
Be  careful  here,  some  texts  on  boat  design  and  hydrodynamics  will 
refer  to  the  resistance  of  the  motion  of  a  body  through  a  fluid 
the  drag.  This  should  not  be  confused  with  drag  factor  associate 
with  automobiles  as  we  discuss  it  in  this  sec  ion. 
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8.5.1  Dynamic  Friction 

Any  basic  physics  text  will  likely  have  ample  information  on 
fi^iction  and  friction  coefficients.  As  a  quick  review,  remember 
that  friction  in  simple  terms  is  the  resistant  force  that  develops 
when  two  surfaces  in  contact  attempt  to  slide  across  each  other. 
The  friction  force  develops  opposite  of  the  direction  of  motion,  or 
impending  motion,  and  its  magnitude  is  proportional  to  the  contact 
forces  (also  called  normal  forces)  between  the  two  surfaces. 
Automobile  collision  accidents  potentially  involve  at  least  three 
types  of  friction,  static  friction,  dynamic  friction,  and  rolling 
friction.  Dynamic  friction  is  the  only  one  generally  considered 
significant.  In  equation  form,  the  definition  of  friction  is 

f  =  UN 

This  equation  was  also  presented  in  Chapter  7,  Section  15. 
Dynamic  friction  is  the  primary  type  of  friction  we  will  be 
studying  related  to  boat  collisions. 


8.5.2  Drag  Factor  Explained 

Automobile  reconstructionists  also  concern  themselves  with 
drag  factor.  Automobiles  typically  have  four  tires  that  are  in 
contact  with  the  ground,  and  each  one  may  be  in  a  different  state 
during  an  accident.  A  tire  could  be  sliding,  rolling,  or  slipping; 
therefore,  the  friction  force  generated  by  each  tire  as  a  vehicle 
slows  could  be  different.  The  vehicle  as  a  whole  will  only  slow 
with  one  value  of  deceleration.  This  value  is  the  drag  factor. 
One  practical  view  of  the  definition  of  drag  factor  is  best 
understood  by  considering  the  following  equation: 


D  =  —  oz  a  =  qD 
9 


where 

D  =  Drag  Factor 

a  =  acceleration  or  deceleration  of  the  total  vehicle 
g  =  acceleration  due  to  gravity 

The  drag  factor  (D)  then  is  the  deceleration  or  acceleration 
value  of  the  total  vehicle  expressed  as  a  fraction  of  the 
acceleration  due  to  gravity  (the  gravitational  constant) . 

As  an  example,  let's  assume  the  following  conditions  for  a 
vehicle.  Assume  that  the  coefficient  of  friction  between  the  tire 
and  the  roadway  of  a  typical  four-tired  vehicle  is  0.5,  and  the 
operator  slams  on  the  brakes.  Assume  also  that  only  one  wheel 
locks  up,  while  the  others  are  still  rolling.  The  vehicle  will 
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c!inw  but  with  a  drag  factor  much  less  than  0.5.  If  all  four  tires 
ha^locfed  thi.  the  drag  factor  and  the  coefficient  of  friction 
woulfbf eUl  (0.5  in  this  case).  In  other  words,  the  vehicle 
woSd  have  decelerated  at  a  rate  of  16.2  ft/sec  squared. 

some  automobile  accident  reconstruction  texts  ^je  the 
following  equation  to  help  estimate  the  change  in  speed  of 
vehicle  which  leaves  skidmarks: 

y,  =  Jvl  -  2  ad 


where 

V  =  initial  velocity  going  into  the  skid  _v;h 

V  =  the  velocity  of  the  vehicle  at  the  end  of  the  skid 

=  the  acceleration  of  the  vehicle  (a  negative  number  for 
skidding) 

d  =  the  skid  distance 

This  equation  makes  several  Important  assumptions  which  have 

been  found  to  be  basically  true  tor  “ratlin  is 

be  true  for  boats.  The  equation  assumes  that  the  deceleration  i 

constant  throughout  the  skid.  It  also  assumes 

Of  friction  does  not  change  for  the  length  of  the  skid.  inis 
equation  when  combined  with  the  definition  of  drag  factor  and 
fiction  may  be  useful  in  estimating  boat  speeds  pnor  to 
grounding.  The  concept  should  be  verified 

Led  in  a  reconstruction.  Automobile  texts  J 

refinements  on  the  equation  to  allow  for  crossing  across  different 
surfaces  in  the  same  skid  and  for  skidding  up  or  down  a  hill. 


8.5.3  Drag  Factor  As  It  Relates  To  Boats 


It  is  easy  to  understand  where  friction  relates  to  boating 
accidents.  But  what  does  the  drag  factor  have  to  do  with  boat 

accidents? 

Coefficients  of  friction  are  parallel  concepts  for  automobile 
tires  and  smooth  bottomed  boats,  not  taking  mto  account  the 
effects  of  a  lower  unit  or  a  propeller.  factor^  is  parallel  t 

describing  the  deceleration  of  the  total  vehicle,  whether  it  be 
auto  or  a  boat,  including  the  effects  of  a  propeller  or  lower  unit. 
Interestingly  enough,  the  drag  factor  for  a  boat  ^ay  be  markedly 
different  than  the  coefficient  of  friction  of  the  hull. 


,,  ^  ®  smoothed  bottom  boat  hull  on  a  boat  ramp  or 
wooden  dock,  we  would  find  that  it  is  possible  to  develop  a  set  of 
friction  coefficients  for  a  variety  of  surfaces.  It  is  likely  that 
these  values  would  be  repeatable  if  all  the  variables^  were 
f  controlled.  Figure  8-1  shows  a  diagram  of  how  the 
friction  force  acts  on  a  smoothed  bottom  boat  being  pulled  along  a 
smooth  hard  surface.  in  this  diagram,  a  boat  of  weight  (W)  is 
moving  with  a  velocity  (V)  across  a  hard  surface.  The  boat  slows 
down  as  the  friction  force  (f)  acts  on  the  boat  hull.  The  normal 
force  (N)  supports  the  weight  of  the  boat. 


If  the  same  tests  were  conducted  on  boats  with  their  outdrives 
lowered,  or  on  inboard  boats  with  their  propellers  installed,  a  new 
problem  is  encountered  with  measuring  friction,  especially  on 
non-uniform  surfaces  such  as  a  sandy  beach  or  a  muddy  shoreline. 
Figure  8-2  illustrates  what  can  happen  if  a  boat  attempts  to  travel 
across  the  muddy  shoreline.  The  lower  unit,  propeller,  orother 
objects  which  protrude  beneath  the  boat  will  likely  be  dragged 
through  the  mud,  creating  a  noticeable  rut  which  marking  its  path. 
The  boat  now  slows  due  to  a  combination  of  friction  (f) ,  and  drag 
of  the  lower  unit  through  the  mud.  While  there  is  a  resistant 
force  on  the  lower  unit,  it  is  not  really  a  friction  force.  The 
force  generated  by  the  dragging  the  lower  unit  through  the  mud  also 
creates  a  moment  about  the  lower  unit  that  causes  an  increase  in 
the  normal  force.  The  result  is  the  tendency  to  drive  the  forward 
parts  of  the  hull  deeper  into  the  mud.  This  further  complicates 
attempt  to  describe  the  motion  of  the  boat  using  only  friction 
equations. 


8.5.4  Drag  Factor  or  Friction  -  Which  Term  Applies? 

Picture  an  I/O  sliding  across  a  muddy  shoreline.  Is  the  boat 
slowing  due  to  friction  or  due  to  drag  forces  on  the  lower  unit  as 
it  plows  through  the  mud?  For  muddy  or  sandy  surfaces,  it  is 
likely  a  combination  of  both.  The  boat  hull  is  slowing  due  to 
friction,  and  due  to  the  drag  forces  experienced  by  the  lower  unit. 
If  the  forces  resistant  to  movement  of  the  boat  hull  through  the 
medium  do  not  conform  to  the  classic  friction  equation  shown  above 
in  section  8.5.1,  then  the  forces  are  not  purely  friction  forces. 

Attempting  to  relate  friction  coefficients  to  boat  hulls 
sliding  across  soft,  deformable  surfaces  such  as  muddy  or  sandy 
shorelines  is  a  rather  controversial  task.  Physics  texts  in  their 
discussions  on  friction  and  the  application  of  classic  friction 
equations  generally  assume  that  the  two  surfaces  being  discussed 
are  hard  uniform  surfaces.  These  equations  were  never  intended  to 
apply  to  boats  sliding  across  soft  sand  and  mud! 
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some  texts  on  automobile  accident  reconstruction  warn  against 
using  coefficients  of  friction,  and  hence  using  skidmarks,  or 
llrhlps  more  appropriately  tire  ruts,  to  estimate  speed  on 
non-uniform  surfaces.  These  surfaces  might  include  gravel,  packed 
dirt,  sand,  mud,  snow,  etc.  The  formulas  for  estimation  of 
friction  forces  that  oppose  the  objects  movement  may  begin  to  fail 
us  when  the  sliding  object  begins  to  dig  ruts  and  push  the  dirt, 
mud  snow,  etc.  out  of  the  way.  For  these  situations,  the 
resistant  force  may  increase  as  a  function  of  the  ' 

since  to  a  certain  degree,  the  material  may  build  ^ 
the  sliding  object  in  increasing  amounts  as  the  objects  slide 
across  and  digs  into  the  surface.  Figure  8-3  shows  an  example  o 
this.  The  car  has  locked  up  its  rear  wheels  on  a  sandy  road.  The 
locked  tire  has  dug  a  rut  and  material  has  built  ""P  ^ 
tire  AS  a  result,  the  car  no  longer  stops  due  solely  to  friction 
forces  This  type  of  action  is  difficult  to  predict  or  model  in  a 
repeatable  manner.  The  car  in  Figure  8-3  is  comparable  to  a 

situation  where  the  coefficient  of  friction  changes  as  a  function 
of  velocity.  It  should  be  noted  that  classic  friction  theory  does 
not  allow  for  the  coefficient  of  friction  to  change  as  a  function 
of  velocity,  which  may  occur  with  non-uniform  surfaces. 

For  both  autos  and  boats,  the  coefficient  of  friction  between 
the  hull  and  the  surface  which  it  contacts  is  not  the  only  factor 
in  determining  the  rate  at  which  the  total  vehicle  decelerates, 
care  must  be  taken  during  a  boat  collision  accident  analysis  to 
note  if  you  are  considering  the  coefficient  of  friction  or  the  drag 
factor.  A  boat  relieved  of  the  drag  of  its  propell^  and  lower 
unit  has  the  potential  to  slide  much  farther  through  or  over  a 
non-uniform  surface  than  one  with  its  propeller  installed. 

The  practical  implications  of  this  subject  for  the  accident 
investigator  are  that  coefficients  of  friction  are  more  likely  to 
be  repeatable  and  reliable  values  that  can  be  determine  y 
testing.  Drag  factors,  as  they  apply  to  boats,  may  be  diffic 
or  virtually  impossible  to  measure  or  duplicate  in  a  repeatable 
manner  for  many  surfaces.  In  other  words,  estimating  speed  based 
on  friction  is  probably  only  repeatable  if  the  boat  runs  up  onto  a 
hard  uniform  surface,  such  as  a  concrete  boat  ramp  or  wooden  boat 

dock. 

When  a  boat  runs  up  onto  a  shoreline,  the  investigator  must 
determine  whether  he  is  looking  at  a  case  of  estimating  a  friction 
coefficient  or  if  other  forces  were  involved.  As  a  rule  of  thumb, 
if  the  surface  is  soft  enough  so  that  the  boat  traveling  over  it 
deforms  the  surface,  leaving  ruts  and  deep  gouges,  then  there  is 
more  involved  than  just  determining  a  coefficient  of  friction. 
What  is  really  needed  is  the  drag  factor,  which  may  be  near ly 
impossible  to  determine.  The  chances  of  accurately  estimating  the 
drag  factor  by  testing  in  this  case  are  not  good.  If  the  boat  ran 
over  a  hard  surface  and  no  significant  surface  deformation 
occurrsd,  thGn  a  coefficient  of  friction  could  likely  be  obtaine 
that  would  be  a  reasonably  good  estimate  and  a  repeatable  .value. 
The  reason  for  performing  such  an  analysis  is  to  obtain  the 
pre-impact  speed  of  the  boat. 
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To  date,  instrumented  tests  have  not  been  conducted 
specifically  to  measure  the  coefficients  of  friction  between  hulls 
and  various  surfaces.  Known  values  for  various  hull  material  and 
surface  combinations  can  not  be  published  at  this  time. 


8.6  Vehicle  Dynamics 

Fortunately,  in  spite  of  all  the  obvious  differences  between 
automobiles  and  boats,  both  must  react  in  accordance  with  the  basic 
laws  of  physics.  A  good  understanding  of  the  fundamental 
applications  of  vehicle  dynamics  can  be  obtained  by  studying  the 
methods  of  dynamic  analysis  applied  to  automobiles.  While  the 
actual  forces  and  impact  mechanisms  are  different  for  boats,  the 
fundamental  principles  are  the  same. 

The  concepts  of  thrust  direction,  maximum  engagement,  rotation 
due  to  impact  forces,  and  centered  and  non-center ed  impacts,  are 
all  concepts  applied  to  automobile  collision  analysis  that  apply  to 
boats  as  well.  Many  of  these  concepts  are  the  basis  for  the 
material  contained  in  Chapter  7  of  this  document. 


8.7  Photography 

In  this  section  we  will  look  at  how  the  applications  of  this 
topic  as  developed  for  automobile  accident  investigation  relate  to 
boating  accidents.  Photography  involves  the  art,  science,  and 
technique  of  taking  good  photographs.  A  good  photographer  will  use 
proper  equipment  and  knows  what  needs  to  be  photographed. 


8.7.1  Photography  and  Automobile  Collisions 

Photography  remains  one  of  the  best  methods  to  document  the 
way  things  appear  to  the  eye.  No  amount  of  maps  or  sketches  can 
replace  a  few  good  photographs  of  the  complex  damage  pattern  on  an 
automobile. 

Photographs  in  automobile  accidents  primarily  relate  to  two 
areas.  The  first  is  the  information  necessary  to  document  the 
accident  scene  and  the  vehicle  locations.  Ideally,  all  relevant 
scene  data  is  photographed.  This  would  include  skidmarks,  debris 
patterns,  fluid  spills  (such  as  coolant  splatter)  and  any  other 
objects  that  had  relevance  to  the  accident.  The  ultimate  goal  is 
to  obtain  sufficient  data  to  accurately  draw  a  scale  map  of  the 
accident  scene  with  all  pertinent  details  in  place. 
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The  second  area  where  photographs  are  critical  is  automobile 
damage.  Careful  photographs  and  measurements  are  often  made  to 
document  vehicle  damage.  In  some  cases,  this  data  can  be  used  to 
develop  a  speed  estimate  from  the  crush  data  obtained  from  the 
vehicle.  Photographs  are  also  important  on  vehicles  to  show 
imprints,  contact  areas,  and  striation  marks. 


One  important  practice  that  has  been  implemented  in  automobile 
accident  investigation  is  the  recommendation  that  at  least  four 
standard  photos  should  always  be  taken.  Getting  investigators  in 
the  habit  of  taking  standard  photos  is  beneficial  since  often  the 
photos  which  are  taken  do  not  provide  the  necessary  information  for 
reconstruction . 


8.7.2  Photography  and  Boat  Collisions 

The  techniques  developed  for  good  photography  that  involve 
such  subjects  as  proper  lighting,  lens  selection,  close-ups,  and 
perspective  apply  no  matter  what  the  object  being  photographed. 
The  big  difference  when  the  subject  of  boat  collisions  is  addressed 
is  what  is  important  to  photograph.  Categorically,  scene  data  in 
a  boat  accident  become  less  important,  and  the  damage  to  the  boat 
becomes  the  first  priority.  The  scene  of  a  boating  accident  is 
usually  not  precisely  known.  It  matters  little  for  the  water 
obviously  erase  fairly  quickly  most  signs  of  an  accident.  The 
boating  accident  investigator  does  not  have  the  luxury  of 
photographing  the  final  rest  position  of  vehicles,  the  impact 
points,  skidmarks,  and  the  like;  therefore,  all  of  the  techniques 
of  scene  documentation  used  in  automobile  accidents  are  not  as 
important.  Exceptions  are  accidents  which  involve  a  fixed  object 
such  as  a  bridge  piling,  or  a  boat  which  runs  up  on  shore. 

Generally,  the  more  important  data  are  generally  the 
documentation  of  the  damage  and  deformation  of  the  boats  involved 
in  the  collision.  It  is  important  to  document  damage  to  the  boats 
with  as  much  precision  as  possible.  Unlike  autos,  the  reason  has 
nothing  to  do  with  obtaining  speed  estimates  from  crush  energy.  At 
this  stage  in  technology,  these  photos  are  primarily  geared  toward 
damage  matching  and  possibly  striation  analysis.  Good  photos  of 
the  boat  interior  are  of  critical  importance.  Anything  that  shifts 
in  the  boat,  whether  it  be  permanent  structures  or  loose  objects, 
is  a  potential  indication  of  the  thrust  direction  and  thus,  impact 
angles. 

A  concept  parallel  to  auto  accident  investigation  is  that  of 
photographing  the  vehicles  at  the  scene  before  they  are  moved,  if 
possible.  This  helps  to  establish  what  damage  was  done  as  a  result 
of  the  accident  and  what  may  have  been  altered  by  moving  the 
vehicle.  This  is  perhaps  more  important  in  boat  accidents,  because 
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cSunttrpIrtt  ISJi-  than  their  four  wheeled 

a  tew  thSadk  ”1  «  hull  may  literally  be  hanging  by 

damaged  boat  bet Jr'i  ^.ov?n^ \?Vo  l"o"th"er!i"c^aVion! 

due  i"  photography  between  autos  and  boats  is 

tiLroLsl  till  bend  J  “^’‘ihle  nature  of  fiberglass.  The 
^  bend,  break,  and  often  snap  back  into  its  initial 

Sil^nsW^  atd^lli''Ji''  visible  damage  from  the  outside^ 

will  orttidt'  wooden  support  structures  in  the  vicinity 

Fortnn^^^Tiw  about  the  deformation  which  took  place. 

usSallJ  ohvin,r«  "  enough  that  it  breaks,  it  is 

J,Vt^v'tenpe“Varrtoterovt*tltdSi“ 

fiberglass  to  r'eveal 

a  ser?^^°'^i?'^  automobile  accident  investigation, 

colliitonQ  standard  photos  have  been  suggested  for  boat 
coisiderprt'  ^  checklist  of  items  which  should  be 

ChSoter  10  P.C:  covered  in  detail  later  in 

pSSo^raphed  specifics  of  what  should  be 


8.8  Photogrammetry 

follows  from  photography  as  a  science  of  making 

inveJt^LfTIn  Photographs.  For  auto  accident 

^  ^  T'  application  has  been  to  develop 

technion^Q  ai°f  accurate  post  accident  scale  maps.  Some 

allow  an  investigator  to  draw  an  accurate  map  even  if 

“^he  use  of  perspective  grids, 
fn  f  photography,  and  other  advanced  techniques  is  useful 

in  automobile  accident  investigations  but  probably  has  fewer 
applications  to  boat  collisions. 

he  useful  in  accidents 
involving  a  boat  which  runs  up  onto  the  shoreline,  where  a  long 
distance  needs  to  be  documented  only  from  a  photograph. 

boat  collisions  is  of  primary  importance  in 
investigator  in  preparing  a  scale  drawing  of  the  boat 
New  techniques  had  to  be  developed  from  scratch 
rnis  area  since  no  formal  procedures  previously  existed.  The 
specific  procedures  developed  are  covered  in  Chapter  10. 


8.9  Trips,  Falls,  and  Vaults 

It  almost  sounds  like  a  series  of  automotive  Olympic  sporting 
■events.  It  is  actually  a  classification  of  automobile  accidents 
where  basic  physics  can  be  easily  applied.  Before  proceeding 
further,  we  will  define  each  of  these  terms  before  you  start 
envisioning  a  sports  car  in  a  pole  vaulting  event,  launching  itself 
over  a  high  bar . 

8.9.1  Definitions 

Falls  -  In  general  terms,  a  fall  occurs  when  a  vehicle  is 
traveling  forward  and  is  no  longer  in  contact  with  the  surface  over 
which  it  is  traveling.  The  category  of  falls  in  the 

is  a  general  term  that  also  includes  ^umps  as  well.  It  applies  ro 
most  any  accident  where  the  vehicle  is  traveling  forward,  and  for 
whatever  reason  becomes  airborne,  and  returns  soon  thereafter  to 
the  surface.  It  may  land  higher  or  lower  than  the  spot  from  which 
it  was  launched. 

Flips  -  A  flip  is  a  special  type  of  airborne  accident,  which 
occurs  when  a  vehicle  is  sliding  sideways  and  the  resistance  of  the 
tires  is  sufficient  to  cause  the  vehicle  to  leave  the  surface  and 
fly  through  the  air.  If  a  vehicle  sliding  sideways  hits  a  curb,  it 
is  likely  to  trip. 

Vaults  -  A  vault  is  similar  to  a  flip  except  that  the  vehicle 
flips  end  over  end  instead  of  side  to  side. 

In  all  of  the  above  cases,  the  vehicle  becomes  airborne.  From 
basic  physics,  we  know  much  about  the  motions  of  airborne  objects. 
Their  motion  is  described  using  particle  trajectory  eguations, 
which  means  in  simple  terms,  that  we  neglect 

friction,  treat  the  object  as  a  single  particle  and  consider  only 
the  effects  of  the  initial  velocity  (which  includes  both  magnitude 
and  direction)  and  gravity.  Automobile  accident  reconstructionists 
have  developed  an  entire  class  of  equations  for  these  types  of 
automotive  accidents  that  allow  the  estimation  of  a  minimum  speed 
from  measurable  scene  data. 


8.9.2  Trips,  Falls  and  Vaults  Applied  to  Boat  Accidents 

Trips,  falls  and  vaults  are  perhaps  the  closest  parallel  in 
the  automotive  arena  to  boat  collisions,  because  most  other  auto 
accident  types  are  two  dimensional  and  do  not  involve  the  vertical 
plane.  Remember  that  many  boat  accidents,  especially  those 
involving  an  over-ride,  result  in  some  type  of  trajectory  motion. 
The  equations  used  in  falls,  flips,  and  vaults  are  special  cases  of 
trajectory  motion  equations  which  can  be  used  to  relate  height  and 
distance  traveled  to  the  takeoff  speed  of  the  vehicle. 


8-14 


difficult  to  document  precisely,  many  boat 
collisions  will  result  in  a  boat  being  launched  through  the  air, 
and  landing  a  short  distance  away.  If  the  boat  becomes  airborne, 
or  if  there  is  a  change  in  the  height  of  the  CG,  there  is  a  minimum 
amount  of  kinetic  energy  required  to  perform  that  motion.  Hence, 
the  analysis  of  trips,  falls  and  vaults  is  about  finding  the 
minimum  velocity  required  to  achieve  that  motion. 

The  principles  behind  the  analysis  of  trips,  falls  and  vaults 
are  applicable  to  boat  collisions.  It  is  perhaps  this  class  of 
accidents,  more  than  any  other,  that  inspired  earlier  attempts  to 
calculate  a  minimum  boat  speed  for  some  types  of  boat  collision 
accidents.  Many  formulas  for  boat  accidents  had  to  be  developed 
from  scratch,  starting  with  the  general  trajectory  equations,  since 
the  inputs  used  in  most  automobile  accidents  were  largely  unknown 
for  boat  accidents. 

As  we  shall  see  in  later  chapters,  the  primary  problem  with 
applying  the  trajectory  equations  to  boat  accidents  is  in 
documenting  the  height  and  distance  of  the  CG  traveled. 


8.10  Occupant  Motion 

The  study  of  occupant  motion  is  closely  related  to  the  study 
of  vehicle  dynamics.  It  is  the  motion  of  the  vehicle  which 
determines  the  resulting  motion  of  the  occupants  and  any  other 
loose  objects  in  the  vehicle  as  well.  Fortunately,  this  topic  has 
been  well  developed  and  gets  considerable  attention  in  many 
automobile  accident  reconstruction  texts.  It  is  also  fortunate 
that  the  concepts  developed  here  for  automobiles  are  almost 
directly  applicable  to  occupants  in  boats. 

The  reasons  for  conducting  a  study  of  the  occupant  motions  for 
boats  are  nearly  the  same  as  for  cars.  While  one  of  the  primary 
issues  in  either  situation  is  determining  who  was  the  operator, 
there  are  additional  reasons  for  conducting  an  occupant  motion 
analysis  in  boats.  If  the  occupant  motion  relative  to  the  vehicle 
can  be  documented,  it  can  be  used  as  a  good  indicator  to  help 
determine  the  motion  of  the  vehicle  struck.  This  information  in 
turn^ is  valuable  in  evaluating  the  thrust  direction  and  possibly 
the  impact  angle  of  the  striking  vehicle.  This  analysis  can  be  of 
oritxcal  importance  in  boats  since  little  outside  information  may 
be  available  to  document  the  motion  of  the  boats  involved. 

Automobile  accidents  involving  roll-overs  are  actually  similar 
to  some  boat  collisions  involving  glancing  blows.  For  instance. 
Figure  8-4  shows  how  the  velocity  of  the  two  occupants  in  an 
automobile  can  be  different  in  a  roll-over  accident  depending  upon 
their ^  position  in  the  vehicle.  The  vehicle  in  Figure  8-4  is 
experiencing  a  flip.  The  vehicle  has  slid  sideways  into  the  curb 
at  relatively  high  speed.  Figure  8-5  shows  a  situation  for  boats 
that  can  potentially  produce  similar  occupant  motions.  This 
situation  can  occur  when  a  boat  traveling  at  relatively  high  speeds 
only  partially  strikes  a  second  boat.  The  first  contact  position 
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is  off  center  of  the  bow  and  catches  the  cur^^d  poi^icms  of  the 
just  enough  to  act  as  a  ramp  on  that  side  of  the  boat. 

The  result  can  be  an  increase  in  trim  angle  accompanied  by  an 
rSst  that  motion.  The  boat  may  literally  rotate  out 

vehicle^in^whicrocc^ip^n^  numbe°r  ^o^ne°ls^  selte^^^^  In  both  accidents 
the  velocity  of  occupant  number  two  is  greater  than 

Inl  sinc2  that  person  is  on  the  outside  of  the  roll.  This  occupant 
=-1-  rcr-oA-i-PT  risk  of  injury.  It  is  important  to  note  that  the 
oSuplnt\otlo^,^Lalysis  is  basL  on  the  safe  principles  whether  it 
involves  boats  or  automobiles. 


8.1 1  Driver  View  Field  Analysis 

In  an  automobile  collision,  it  is  often 
when  the  operator  of  a  vehicle  was  first  able  to  see  the  secona 

vehicle  based  purely  on  the  geometry  of  a 

These  analyses  are  typically  concerned  with  how  obstruction 
outside  of  the  vehicle  such  as  buildings,  hills,  trees,  bushes,  an 
o^Slrobjict^  affect  the  line  of  sight  of  the  driver.  Examples  of 
boat  accidents  where  these  concepts  apply  include  accidents  which 
o“ur  S  Si  confined  lakes,  lakes  with  Islands,  accidents  where 
Other  large  boats  may  have  blocked  the  vision  of  a  driver  and 
winding  narrow  rivers. 

occasionally  the  actual  geoinetry  of  the  vehicle  will  be  the 
sianificant  factor  in  restricting  the  field  of  view  of  the 
opIraLr.  In  boat  accidents,  the  field  of  view 
vessel  is  one  of  the  most  important  considerations  in  f  . . 

view  analysis  In  boats,  one  would  tend  to  think  that  visibility 

Is  no?  a  p?Sish'  After'all,  in  a  snail  open  notorb,  t  the^  is 

no  roof  no  back  window,  and  an  apparent  lack  of 
?ianificknt  to  restrict  visibility.  This  is  not  always  the  case. 
The  deometry  of  the  operator's  boat  may  be  the  primary 
£??t?r  "rhis  field  of  vision.  Large  boats,  especially 

with  Interior  operator's  stations,  may  ®  i?c?unt 

field  of  view  for  the  operator.  This  must  be  taken  into  accounr 

when  evaluating  the  actions  of  each  operator  and  when  trying 

determine  who  saw  whom  first. 
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More  so  than  in  automobiles,  the  field  of  view  for  certain 
small  boats  can  be  severely  affected  by  occupant  locations. 
Bow-riders,  which  have  seats  in  front  of  the  operator  position  for 
passengers,  have  the  potential  to  cause  problems  for  the  visibility 
of  the  operator  when  those  seats  are  occupied  while  underway. 

The  last  consideration  is  to  remember  that  the  field  of  view 
for  the  operator  may  be  extremely  different  at  night  than  during 
daylight.  Small  boat  operators  often  complain  about  the  glare  from 
the  all  round  white  light  mounted  near  the  stern.  This  light  may 
cause  sufficient  glare  to  prevent  the  operator  from  seeing  other 
boats  approaching  at  night  from  a  wide  range  of  angles. 

The  important  difference  between  boats  and  autos  is  that  the 
field  of  view  analysis  for  autos  generally  deals  with  obstructions 
to  vision  which  seem  to  occur  outside  the  vehicle.  For  boat 
collisions,  the  vehicle  is  often  the  limiting  factor. 
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V 


Boat  Sliding  Across  a  Hard  Surface 

Figure  8-1 


V 


Boat  Sliding  Across  a  Sandy  Shoreline.  The  Lower  Unit  has  Dug  into  the  Surface, 
Creating  a  Moment  about  the  Lower  Unit. 


Figure  8-2 


A  Vehicle  Which  Locks  its  Brakes  on  a  Soft  Surface  Causes  the  Tires  to  Dig  Ruts, 

which  Complicates  Speed  Estimates. 


Figure  8-3 


A  Vehicle  Experiencing  a  Flip.  Occupant  No.  2  experiences  a  Greater  Roll  Velocity 

than  Occupant  No.  1 . 

Figure  8-4 


A  Boat  Experiencing  a  Glancing  Blow  Which  Results  in  a  Partial  Over-Ride. 
Occupant  No.  2  Experiences  a  Greater  Roll  Velocity  than  Occupant  No.  1 . 

Figure  8-5 


CHAPTER  9 


DYNAMICS  AND  CLASSIFICATION  OF  VARIOUS 
ACCIDENT  SCENARIOS 


9.0  introduction 

The  purpose  of  this  chapter  is  to  discuss  in  general  terms  the 
dynamics  of  various  collision  scenarios.  We  will  also  consider  how 
to  identify  and  classify  those  scenarios  which  are  the  most 
potentially  dangerous. 

So  far  in  the  study  of  small  boat  collisions,  only  small 
amounts  of  information  have  been  gathered  about  how  boats  interact 
with  each  other  on  impact.  Nonetheless,  certain  trends  and 
tendencies  have  been  identified  for  various  collision  scenarios. 
We  will  first  discuss  the  scenarios  and  the  variables  which  have  an 
effect  on  the  severity  of  the  collision.  Once  we  have  identified 
the  scenarios,  we  will  discuss  a  possible  method  for  classifying  an 
accident  based  on  the  scenarios  and  variables  identified.  An 
accident  classification  system  could  provide  a  means  to  assist  in 
identifying  the  most  deadly  scenarios  in  future  studies.  If  some 
means  of  identifying  and  classifying  the  serious  accident  scenarios 
was  developed,  then  this  information  could  be  coded  on  the  accident 
report  forms  and  included  in  future  statistical  studies.  If  for 
example,  it  was  known  that  the  most  likely  scenario  to  produce  a 
fatality  was  when  one  boat  struck  a  second  stationary  vessel  and 
went  over  the  top  of  the  boat,  then  educators,  boat  manufacturers, 
legislators  and  enforcement  personnel  could  concentrate  on  dealing 
with  that  particular  accident  type.  Once  we  have  discussed  a 
possible  method  of  classifying  scenarios,  we  will  look  at  the  basic 
trends  and  dynamic  characteristics  for  each  one. 

The  information  in  this  section  is  based  primarily  on  various 
experimental  collisions  which  have  been  captured  on  videotape. 
Most  of  these  collisions  were  conducted  by  UL  in  the  past.  The 
field  accidents  studied  in  Chapter  13  and  the  statistical  studies 
discussed  in  Chapter  4  also  provided  data  for  this  chapter. 


9.1  Developing  an  Accident  Classification  System 

In  this  section,  we  will  discuss  the  development  of  a  possible 
classification  system  for  collision  accidents.  The  goal  of  this 
system  is  to  concentrate  on  factors  which  directly  determine  the 
risk  of  death  or  injury  to  the  occupants. 
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9.1.1  Classifying  an  Accident  Scenario  for  CWAV 

An  accident  classification  system  should  provide  a  means  of 
auicklv  identifying  deadly  accident  scenarios  and  for  determining 
?hr  severi?f  o7  tL  acoiLnt.  The  system  proposed  is  based  °n 
idSntif^ing  information  either  not  found  in  the  current  accident 
reoortina  system  or  not  consistently  recorded  by  the  accident 

in?estigItors.  obviously,  many  9°  „“’'?,^“rs''Mc?Ss 

scenario  which  determine  the  cause.  Many  “rLdy 

?iS5did  o“n  ih'?acc Went  report 'forms%nd  are  available  for  study. 
Factors  such  as  time  of  day,  air  temperature,  day  of  theweek  and 
weather  do  not  directly  determine  the  potential  risk  of  death  or 
TniSr  and  seldom  is  any  single  one  of  these  items  the  direct 
Sise^'  This  information  is  useful  in  identifying  common  factors 
but  does  not  directly  determine  the  risk  of  injury  to  an  occupant 

in  an  accident. 

Thus  the  system  proposed  is  based  on  physical  ^factors  that 
directly  affect  the  likelihood  of  death  or  injury 

oroDerties  of  that  particular  collision  scenario.  Factors  ^uch 
sp2d  ^t  structure,  angle  of  impact,  occupant  location,  and  even 
the  size  of  the  boat  have  a  direct  effect  on  the  potential  ris 
Ihe  occupants  during  a  collision.  One  reason  for 

the  physical  parameters  is  that  it  may  provide  inf  hnats 

could  /omeday  he  beneficial  to  designers  and  manufacturers  of  boats 

and  components. 

The  USCG  breaks  collisions  down  into  three 
With  Another  Vessel  (CWAV) ,  Collisions  With  a  Fixed  Object  (CWFXO), 
aid  collisions  With  a  Floating  Object  (CWFLO) .  .  ^WAV ^accidents  can 
be  further  broken  down  into  numerous  subcategories.  Doing  so  help 
ut  diiculi  specific  characteristics  of  each  category  of  collision. 
CWAV  accident  can  be  classified  into 
types  by  boat  interaction,  boat  maneuvers  and 

Snecific  scenarios  will  be  discussed  within  each  of  these  ma^or 
divisions.  An  outline  of  the  accident  classifications  discussed  in 
this  chapter  is  listed  below: 


Collisions  With  Another  Vessel: 

A.  Classified  by  Boat  Interaction  —  Horizontal  Plane 

1.  Side  impact 

2 .  Head  on 

3 .  Stern  impact 

4 .  Glancing  blows 

5 .  Other 

B.  Classified  by  Boat  Interaction  --  Vertical  Plane- 

1.  Penetrations 

2.  Combination  of  penetration  and  over—ride) 

3 .  Over-rides 

4.  Contact  only,  no  penetration 
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C.  Classified  by  Boat  Maneuvers 

1.  Both  boats  moving 

2.  Bullet  boat  moving,  target  boat  stationary 

D.  Relative  Boat  Size 

1.  Large  boat  strikes  smaller  boat 

2.  Both  boats  approximately  the  same  size 

3.  Small  boat  strikes  larger  boat 


II.  Collisions  With  Fixed  Objects 

A.  Classified  by  Rigidity  of  Object  Struck— 

1.  Rigid 

2.  Flexible  or  movable 

B.  Classified  by  Object  Location  in  Relation  to 

Waterline- 

1 .  Underwater 

2.  Above  water  object 

C.  Classified  by  Boat  Speed 

1.  On  plane 

2 .  Less  than  planing  speed 

III.  Collisions  With  Floating  Objects 

This  outline  could  also  form  the  basis  of  an  accident  severity 
classification  program.  Over  time,  studies  and  statistics  may 
provide  additional  information  which  helps  to  identify  those 
scenarios  which  are  the  most  dangerous.  This  data  could  be  used  to 
help  boat  manufacturers,  enforcement  personnel  and  educators  to 
improve  boating  safety.  The  above  information  is  organized  by 
collision  type  (CWAV,  CWFXO,  CWFLO) ,  classification  and  category. 
The  CWAV  type  has  four  classifications  with  several  categories  in 
each  classification.  For  any  accident  type,  at  least  one  category 
from  each  classification  could  be  used  to  describe  that  accident. 
The  specific  category  listed  under  each  classification  is  in 
approximate  order  from  most  to  least  severe.  This  information  could 
be  used  to  help  identify  especially  hazardous  scenarios  and  their 
frequency,  especially  for  CWAV  accidents. 

Consider  the  following  example.  A  24  foot  cruiser  traveling 
at  25  mph  struck  a  16  foot  fishing  boat  that  was  sitting  still  in 
a  cove. 

The  cruiser  struck  the  fishing  boat  at  nearly  a  90  degree 
angle  and  rode  completely  over  the  boat.  Using  the  system  above, 
we  could  assign  an  Accident  Severity  Code  to  this  scenario  as 
follows: 

Accident  Severity  Code:  Type  I,  Al,  B3 ,  C2 ,  Dl. 
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The  Accident  severity  code  for  onli^onl  boat 

thle  was  a  s«e  i"^pact  xnv  Iv  a„^ove^^^  ,0,^7  Since  the 

moving,  and  that  tne  ®  J;  .  . .  a. i  gj-g  arranged  from  most  to 

categories  within  ®/=\i=l\\"7'iSmer?Sar|ortion  of  the  specific 
least  severe,  we  can  add  a  rough  estimate 

categories  from  each  We  will  call  this  value  the 

of  the  total  severity  of  ^  consists  of  three  values. 

Accident  Severity  Index  (ASI) .  of  the  numerical  portion  of  the 
The  first  value  is  the  total  of  the  numeri^^^ 

specific  categories  from  st  Uvere  accident  to  the 

values  are  the  range  of  values  for  the  most  jjvere  a 

least  severe  accident  ^s^f or ^3^ 

example,  seven  IS  the  tota  value  that  the  ASI  could 

C2,  and  D1  (1+2+2+1).  i^our  1  accident.  Fourteen  is  the 

have  and  ^gj  could  have,  and  it  represents  the  least 

7ccide“?  ASI  for  the  exaMple  in  the  previous 

paragraph  would  be  written  as  follows: 


Accident  Severity  Index;  7,  4..  14 


accident. 

both  boats  when  more  than  one  vessel  is  involved. 


9  12  Including  Data  on  Injuries  and  Death  for  CWAV 

srs-a.:  HiSSS 

s“  K.JS  i' s: = V  .-SB'.;:;;..'-  -ss 

a  function  of  the  number  of  people  on  extremely 

SSbj!Sive^judgLnts,°L  wm  not  °attempt  to  include  this  parameter 
in  our  classification  system. 

regarding  the  numbor^ot^fat^allties^and^ini  ^ 

if  the  person  drowned  while  wearing  a  PFD. 

accidSt  fepiri^  f^r^ Th^at^  7nv?sf  “at“^  c'fn"  ^j^y^lgett  ‘g 

?^^iLS?oi"n\e\"eTfor^rr™cfailincarior 

into  essential  information,  and  desired  information. 
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V, include  the  following 

injuries  and  fatalities,  number  of 

;:,o  *^^”'t)er  of  persons  on  board.  We  could  refer  to  this 

aSd  acroT;^^^^  V  ^-v^lopin,  nS^el 

information  m  facilitate  forms  development  for  this 

«cortJd  o^p,  there  Will  be  two  OSC  valuel 

for  each'  vIJLl  In  other  words,  there  should  be  one  code 

aeopQc  c?  *4-  information  is  the  minimum  required  to 

__  seventy  of  the  collision  in  terms  of  its  effect  on  the 

severitv^of  th  ^  provide  a  quick  summary  of  the 

or  vfi  ^  collision  in  terms  of  the  number  of  people^injured 

f or^the^ttrnok^  the  number  on  board.  As  an  example,  the  OSC 

thJ  tl^aot  hoat  ^  should  always  be  labeled  vessel  2,  or 

S?aet  tt  t  assume  that  on  the 

target  vessel  that  15  people  were  on  board,  five  were  injured  and 

wo  were  killed.  The  OSC  code  would  appear  as  follows; 

0SC2:  2-5-15 


char;,otor“f,HiS5  is  recommended  instead  of  a  backslash  ••/'’ 

written  by  hand.  mistaken  for  the  numeral  one  when 


curios??v  provides  enough  information  to  arouse  our 

provide  enough  information  to  properly 
of  tho  Additional  information  regarding  how  the  death 

SLded  severity  of  any  injuries  is 

Snrel^An^JL  S  I  needed  in  a  simple  format  that  will  not  be  an 
unreasonable  burden  on  the  investigator. 

Fatalities  can  be  broken  down  into  two  distinct  cateaories 

■F""  either  wao  thro™  olt  Jnd 

wher^bot^opiTr  Admittedly,  there  are  those  oases 

Of  O  possible  to  tell  which  was  the  cause 

of  death.  Usually,  death  can  be  attributed  primarily  to  one  or  the 

tSowA  oi^t  o/th^'^K  determine  if  the  person  was 

on  aT  ^  the  boat  on  impact  or  if  he  stayed  in  the  boat.  Based 

?mnonf  Chapter  4,  this  factor  is  of  critical 

importance  in  determining  the  risk  of  injury.  The  third  piece  of 

"d  the%erson  drownid  Sm?s 

SmoTi^d  number  of  deaths  in  collisions  may  be  ^occurring 

dtSrnL  wearing  PFDs.  The  answer  to  the  questioni 

?o?rirt\e^fo\^olC«t:^^  ^ 


Occupant  Fatality  Code  (OFC) : 

Death  By: 

Thrown  OB: 

PFD  Worn? 

1.  Injuries 

1 .  yes 

1 .  yes 

2 .  Drowning 

2 .  no 

2 .  no 

3 .  Unknown 

3 .  unknown 

3 . unknown 
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The  occupant  Fatality  Code  (OFC)  should  be  recorded  for  each 
appear  as: 

oFci:  1-1-1  OR  i-y-y 

The  numeral  one  following  the  OFC  designation  indicates  that 
hhic?  is  the  OFC  for  occupant  number  one  in  the 
occupants  should  be  given  a  unique  number  to  help  avoid  confusing 
the  data  of  one  person  with  another. 

The  last  issue  of  vital  importance  deals  with  the  injured.  It 
is  important  to  distinguish  between  severe  injuries  and 
and  b?Sises  Many  accident  forms  already  have  a  place  to  note  if 
?SurIef?JquirS5  treatment  beyond  first  aid.  This  is  a  logical 
plLe  to  draw  the  line  between  severe  and  non-severe  injuries.  W 
Snnid  also  like  to  know  for  each  injured  person  on  a  boat  j-f  hf  ^as 
thrown  overboard  and  if  he  was  wearing  a  Obtaining  additional 

information  on  the  injured  would  fill  a  gigantic  gap  in  the  current 
data  9-thering  process^  Ev^uaWon  of  ^ 

^°™;orrd“=on“t^efnrst^gXn\^%fficor-s^o^^ 

r?acofdiTffr'«ch?n%^"e“pSSSn  o^n^rLat.  The  OIC  should  he 
in  the  following  format: 

Occupant  Injury  Code  (OIC) : 


Injured  Beyond 
First  Aid? 

Thrown 

Overboard? 

PFD 

Worn? 

1 .  yes 

2 .  no 

3 .  unknown 

1.  yes 

2 .  no 

3 .  unknown 

1.  yes 

2 .  no 

3 .  unknown 

of  the  OIC  for  an  injured  person  requiring 
first  aid,  who  was  thrown  overboard  and  was  not 

wearing  a  PFD  would  appear  as  follows: 

OICl:  1-1-2 

Both  the  OICs  and  OFCs  should  be  followed  by  a  number  whenever 
more  than  one  occupant  is  involved.  The  occupants  should  be 
uniquely  numbered,  and  if  a  pre-accident  seating  diagram  is 
provided,  the  numbers  should  correspond  to  the  seating  position  . 

The  particulars  of  each  category  (i.e.,  how  much 
one  boat  have  to  be  than  the  other  before  we  classify  an  accident 
as  one  boat  being  larger  than  another?)  will  be  elaborated  on  in 
paragiraphs  9.3  and  beyond  in  this  chapter. 
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how  would  it^be  used^  |n  accident  classification  system  and 
concernina  the  Such  a  system  provides  information 
quicklv  ^  scenario  of  that  accident  which  could  be 
level.  tabulated  on  accident  reports  on  a  national 


scenarios  identify  the  most  common 

we?rimpi;menLd  thL  described  in  this  section 

weie  implemented,  then  better  data  would  be  available  on  which  to 

ke  recommendations  which  would  benefit  boating  safety. 


9.1.3  Classifying  Collisions  With  a  Fixed  Object  (CWFXO) 


r.=.v-  Classification  system  discussed  for  CWAV  could  be  easilv 

Srelilv  accidents.  The  number  of  scenLISJ 

win  reduced,  so  the  Accident  Severity  Code  (ASC)  for  a  CWFXO 

ciaLificrtionJ®  Because  there  are  fewer 

values  ilnb«  1^?  categories,  the  Accident  Severity  Index  (ASI) 

obiects  win  accidents.  The  ASI  for  CWFXO 

ASI  for  tho  3  to  6.  As  an  example,  the  ASC  and 

^^®/°iiision  of  a  17  foot  ski  boat  with  a  bridge  pilina  at 
40  mph  would  be  written  as  follows:  ^  P  9 

ASC:  Type  II,  Al,  B2 ,  Cl 
ASI:  4,  3.. 6 

requires  the  investigator  to  make  a 
j  dgement  regarding  the  boat's  speed.  While  the  judgement  is 

sS^rvn^b^°f|fnt^'?■  """"  travelling  b^^oSTl anlig 

SJh  as  kavaL  Clearly  do  not  plane, 

substitut#b  ^  9n  '  rafts,  etc.,  it  would  be  appropriate  to 

ubstitute  20  mph  as  the  planing  speed  threshold  Thus 

Asr^that"lho„°s":  Vlr'^ually  always  ieceivfjA 

ASC  that  shows  a  speed  below  a  planing  speed.  The  categories 

be^used^dir^^ti*^^^^^  death  of  occupants  discussed  for  CWAV  can 
be  used  directly  for  CWFXO  accidents. 

9.1.4  Collisions  With  Floating  Objects 

Classified  in  this  category  involving  fatalities  are 
rather  infrequent.  The  object  struck  is  generally  not  seen  in 

floating  ^Obieot'  confirm  that  an  actual 

^  struck.  Refer  to  the  analysis  of  CWFLO  in 

ava??Jhi  a<3ditional  information.  Since  so  little  data  is 

not  th®?®  accident  types,  and  the  objects  struck,  it  was 

cod^aS^follows^  accident  types,  it  would  simply  have  a 


ASC:  Type  III. 
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There  is  no  ASI  for  Type  III  accidents. 

The  OFC  and  OIC  for  fatalities  and  injuries  will  apply  here  in 
the  same  fashion  as  discussed  for  CWAV  accidents. 


9.2  Dynamics  of  Various  Scenarios 

This  section  is  not  designed  to  provide  numbers,  formulas,  or 
soDhisticated  tools  to  aid  in  accident  reconstruction.  Instead  it 
should  provide  something  much  better.. 

911  outlined  various  classifications  of  accidents  based  on  three 
critical  factors.  These  were  Boat  Interaction,  Boat  Maneuvers,  and 
Relative  Boat  Size.  We  will  discuss  the  various  trends  and 
tendencies  when  each  of  the  scenarios  is  considered 
of  other  factors.  These  are  not  absolutes,  and  exceptions  will 
abound.  Nonetheless,  it  is  often  useful  to  understand  the  general 
tendencies  that  occur  when  each  of  these  factors  are  considere 
independently.  What  happens  will  depend  on  the  speed  of  the  boats 
S  impact.  Since  low  speed  collisions  below  10  mph  are  not  as 
likely  to  cause  death  or  serious  injury  to  the  occupants,  we  will 
limit  our  discussion  to  impact  speeds  of  significance.  It  is  a 
important  to  note  that  this  discussion  primarily  applies  to 
collisions  where  the  struck  boat  is  stationary.  Many  of  the  trends 
discussed  may  also  be  present  in  a  collision  where  both  boats  are 
moJJng!  hlLer  no  data  is  available  from  any  experimental 
collisions  in  the  latter  scenario  for  study. 

discussion  applies  primarily  to  fiberglass  motorboats,  from  16 
approximately  26  feet  in  size. 


9.2.1  CWAV:  Boat  Interaction,  Horizontal  Plane 

Boat  interaction  in  the  horizontal  plane  is  a  rough  way  of 
describing  the  approximate  angle  of  impact.  More  precisely,  we  are 
interested  in  how  a  collision  progresses  depending  upon  the  point 
on  the  struck  vessel  which  is  contacted.  The  structural  response 
of  the  bullet  boat  is  not  discussed  here, 

accidents,  the  bullet  boat  suffers  relatively  little  structural 
damage • 


Al. 


side  Impact-  Simple  Hull  Side,  No  Cabin  Structure 


The  side  of  an  open  motorboat  is  generally  on®  of  the  weakest 
parts  of  the  overall  boat  structure.  First  we  will  consider  the 
factors  involved  in  a  simple  90  degree  impact  "^h  an  open 
motorboat  with  no  other  structures  involved.  By  no  other 
structures,  we  mean  that  the  motor  well,  or  console  was  not  in  the 
path  of  the  bullet  boat.  For  this  scenario,  several  key  variables 
determine  what  happens  in  a  side  impact  collision.  These  variables 
have  been  identified  as: 

a.  the  stiffness  of  the  hull  side 

b.  height  of  the  gunwale  at  the  impact  point 
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c.  the  height  and  shape  of  the  bow  of  the  bullet  boat 

d.  the  resistance  to  vertical  penetration  offered  by  the 
hull  side 

e.  the  brittleness  of  the  fiberglass 

Let's  discuss  the  sequence  of  events  of  a  typical  90  degree 
side  impact.  When  the  bow  makes  initial  contact,  the  side  may  flex 
along  the  top  of  the  gunwale  for  a  considerable  distance.  Low 
speed  impacts  have  seen  hull  sides  deflect  for  six  inches  or  more 
and  then  fully  return  to  their  original  shape.  The  hull  side  will 
deflect,  with  the  greatest  deflections  occurring  along  the  top  of 
the  side  wall  at  the  gunwale.  The  hull  side  will  continue  to 
deflect  laterally  until  the  stress  at  the  contact  points  (usually 
the  bow)  with  the  striking  boat  cause  the  fiberglass  to  separate 
along  a  roughly  vertical  line  that  is  in  contact  with  the  contact 
points  of  the  striking  boat.  What  happens  after  that  varies 
depending  on  the  particulars  of  the  structure. 

During  a  side  impact,  the  target  boat,  as  a  whole,  may  remain 
in  its  pre-impact  position  until  the  bullet  boat  has  penetrated  a 
significant  distance.  This  significant  distance  varies,  but  it  may 
be  until  the  bow  of  the  bullet  boat  has  nearly  reached  the  gunwale 
on  the  opposite  side  of  the  target  boat.  At  this  point,  several 
things  are  happening.  First,  the  weight  of  the  bullet  boat  is  now 
beginning  to  be  transferred  to  the  target  boat.  Second,  the  target 
boat  is  settling  lower  in  the  water,  or  beginning  to  roll  toward 
the  bullet  boat,  or  both.  These  two  factors  begin  to  work  together 
to  help  the  bullet  boat  ride  over  the  far  gunwale.  Experimental 
collisions  have  shown  that  T-bone  impacts  typically  involve 
penetration  through  the  near  hull  side,  and  may  result  in  little  or 
no  damage  to  the  far  side  of  the  target  boat. 

In  a  typical  T-bone  impact,  with  a  stationary  target  boat,  the 
bullet  boat  penetrates  through  the  hull  side,  dragging  the  lower 
unit  through  that  same  area.  Experiments  have  shown  that  a  side 
impact  at  90  degrees  will  typically  involve  penetration  of  the 
struck  hull  side  and  an  over-ride  of  the  far  hull  side,  at  least 
for  a  collision  between  two  small  open  fiberglass  motorboats. 
During  these  collisions,  the  bullet  boat  may  go  airborne  and  travel 
for  some  distance  before  re-entering  the  water.  Boats  with  low 
pitch  moments  of  inertia  have  the  tendency  to  achieve  a  high  pitch 
rate  during  the  impact  process.  Figure  9-1  shows  how  a  19  foot 
boat  that  achieves  a  30  degree  pitch  angle  during  impact  may 
experience  only  a  3  foot  change  in  CG  height,  but  a  9.5  foot  change 
in  height  at  the  bow.  This  diagram  is  similar  to  the  attitudes  of 
some  outboard  boats  used  in  earlier  experimental  collisions.  The 
bow  of  a  boat  can  rise  high  into  the  air  during  a  collision, 
providing  the  false  impression  that  the  entire  boat  attained  a 
great  height.  It  is  the  change  in  CG  height  that  is  important  when 
estimating  boat  speeds. 
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A2.  Head-On  Impacts 

o  -F^r-  WF.  have  little  data  on  head  on  impacts.  Early 
f held  that  if  two  boats  met  head  on,  that  they  would 
SSncf  cff  o'?each‘‘  othir  tecause  of  the  shape  of  fe  bow  An 

igiSflSSMfSi 

SsoSLed  here,  that  the  boats  will  simply  glance  off  of  each 
other . 

A3 .  Stern  Impact 

_i.„p__es  imoosed  by  the  propulsion  machinery  all  on  tne  veruj.o 

HHiur“  i%i^o&°anTl=owern;i^^^^^^^^  S'to^rVel 

ii?rry\\^°r  o“  upan"tr  f  b“!et%%"at  ""^'h  "JA  J/^nt^n£y 

outboLd  powered  boat  in  the  stern  may  respond  differently  than  on 
which  strikes  an  I/O. 

When  a  bullet  boat  strikes  an  outboard  powered  target  boat 

^rboarmot-^-".nl  -  K 

with  the  outboard  motor,  the  result  is  that  a  roll  momenr  wiii 
Imputed  to  the  bullet  boat.  This  roll  moment  ^ 

boat  re-entering  the  water  on  its  side.  If  t  t 

areatL  Stresses,  both  to  the  bullet  boat  and  to  the  occupants,  may 
result  The  risk  of  throwing  the  occupants  from  the  bulle  o 
also  increases  When  analyzing  the  damage  of  such  an  accident,  the 
makings  ofSk  outboard  motor  cowling  are  usually  distinctive  on 

the  bottom  of  the  bullet  boat. 

If  this  same  impact  occurs  on  an  I/O,  the  bullet  boat  may 
retain  a  relatively  level  roll  attitude.  The  transom  heigM^^^ 
many  I/Os  is  well  below  the  bow  of  the  bullet  boat.  The  geomet  y 
of  this  situation  encourages  an  over-ride  to  occur. 


4A.  Glancing  Blows. 

Glancing  blows  generally  result  in  partial  over-rides  and 
little  orno’penetration.  when  a  bullet  boat  strikes  a  stationary 
target  boat,  the  resulting  motion  of  the  target  boat  is  par  y 
deplnLnt  upon  the  impact  point.  Figure  9-2  shows  two  extreme 
conditions.  In  Figure  9-2a,  the  bullet  boat  strikes  the  outboard 
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near  the  stern.  The  moment  about  the  CG  is  relatively  small,  and 
rotation  of  the  target  boat  may  be  relatively  slight. 
Q  point  is  moved  further  forward,  as  shown  in  Figure 

.  '  the  resulting  rotation  can  be  severe.  Experiments  have 

indicated  that  the  rotation  could  be  of  sufficient  severity  to 
hrow  a  person  from  the  boat  or  cause  injury  from  secondary  impacts 
It  they  remain  in  the  boat.  These  accidents  can  be  misleading  to 
accident  investigators  because  the  resulting  physical  damage  on 
both  boats  may  be  relatively  slight.  This  phenomenon  was  discussed 
in  detail  in  Chapter  7. 

It  is  true  in  virtually  all  accidents  that  the  center  of 
lateral  resistance  (CLR)  and  center  of  rotation  (CR)  change  moment 
by  moment.  it  is  especially  important  to  be  aware  of  this 
phenomenon  in  glancing  blows  as  shown  in  Figure  9-2. 

In  Figure  9-3a,  we  see  that  the  impact  force  is  directed  at 
the  bow  (coming  directly  out  of  the  page) .  The  boat  is  still  in  a 
level  trim  position,  with  the  CG  and  CLR  still  in  the  pre-impact 
position.  If  the  impact  force  continues  to  progress,  rapid  yaw 
rates  may  be  experienced  by  the  target  boat.  Figure  9-3b  shows 
that  the  bullet  boat  has  begun  to  ride  over  and  press  down  the  bow 
of  the  target  boat.  This  forces  the  CLR  to  move  forward.  As  a 
result,  the  moment  of  the  impact  force  about  the  CR  decreases,  and 
the  increased  submerged  area  forward  provides  additional  resistance 
rapid  rotation  of  the  bow.  In  this  scenario,  a  rapid  yaw 
rotation  may  still  occur,  although  significantly  dampened  by  the 
effects  of  the  change  in  CLR. 


B2.  Penetrations 

Small  boat  collisions  which  involve  only  a  penetration,  are 
believed  to  be  relatively  rare  occurrences.  The  classic  example  of 
a  pure  penetration  accident  would  be  a  low  profile  19  foot  jet  boat 
high  speed  striking  at  90  degrees  the  hull  of  a  large 
sailboat  or  cruiser.  Penetrations  are  most  likely  to  occur  when 
the  bow  of  the  bullet  boat  strikes  well  below  the  top  of  the 
surface  impacted.  This  is  also  dependent  upon  the  strength  of  the 
struck  surface  at  the  upper  edge. 

Figure  9-4a  shows  a  situation  that  could  result  in  either  an 
over-ride  or  a  penetration.  The  bow  of  the  bullet  boat  will 
initially  deflect  the  hull  surface  and  possibly  penetrate  a  slight 
distance.  At  this  point,  the  bow  will  either  drive  straight 
through  the  hull  side  or  begin  to  ride  up  and  over  the  remainder  of 
the  boat,  depending  upon  the  following  factors: 

a.  the  rake  of  the  bow  of  the  bullet  boat; 

b.  the  stiffness  and  strength  of  tbe  hull  side; 

c.  the  strength  of  the  upper  edge  of  the  impacted  surface. 
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Once  penetration  has  begun,  the  rake  of  the  bow  of  the  bullet 
boat  will  serve  as  a  wedge,  tending  to  drive  its  bow  upward.  This 
will  only  occur  if  the  lower  edges  of  the  target  boat's  hull  side 
offer  significant  resistance  in  the  vertical  direction.  In  other 
words,  the  target  boat's  hull  sides  must  be  strong  enough  to  serve 
as  a  ramp  for  the  bullet  boat  for  an  over-ride  to  occur.  As  the 
bullet  boat's  bow  begins  to  move  upward,  the  foredeck  of  the  bullet 
boat  may  begin  to  push  against  the  deck  edge  of  the  target  boat  as 
shown  in  Figure  9-4b.  It  is  possible  at  this  point  for  a  large 
section  of  deck  cap  to  be  lifted  from  the  target  boat's  hull.  If 
the  deck  edge  of  the  target  boat  is  of  sufficient  strength,  the 
momentum  of  the  bullet  boat  will  be  directed  through,  instead  of 
over,  the  target  boat.  The  depth  of  penetration  then  becomes  a 
function  of  the  density  and  strength  of  any  structure  in  the  path 
of  the  bullet  boat.  Accidents  have  occurred  where  the  bullet  boat 
has  made  it  through  both  hull  sides  of  the  target  boat. 


B3.  Over-rides 

An  over-ride  occurs  when  either  part  or  all  of  one  boat  rides 
up  over  another  vessel.  For  the  sake  of  discussion,  we  will  refer 
to  the  bullet  boat  as  the  boat  that  ends  up  on  top,  and  to  the 
target  boat  as  the  one  on  the  bottom.  An  over-ride  can  occur  in 
most  any  accident  scenario  in  which  the  bow  of  the  bullet  boat  has 
a  chance  to  ride  up  on  any  structure  of  the  target  boat  and  the 
bullet  boat  has  sufficient  speed. 


Over-ride  accidents  are  important  for  several  reasons.  First, 
over-rides  are  probably  the  most  common  form  of  boat  interaction  in 
3  3e]^ious  collision.  Second,  the  over-ride  interaction  is  probably 
one  of  the  primary  reasons  why  more  people  are  not  killed  in 
boating  collision  accidents.  If  it  were  not  for  one  boat  riding 
over  the  top  of  another,  then  boat  collisions  would  probably  be 
similar  to  car  collisions,  where  the  vehicles  impact,  deform,  and 
separate.  This  type  of  two  dimensional  interaction  forces  each 
Yghicle  to  experience  much  higher  decelerations  than  an  over-ride 
collision  mechanism. 

An  over-ride  accident  can  be  broken  down  into  a  specific 
series  of  events,  not  all  of  which  will  be  a  part  of  every 
accident. 

[Initial  Contact]  +  [Penetration]  +  [Over-ride]  + 

[Trajectory]  +  [Water  Re-entry] 

Penetration  of  a  hull  surface  and  trajectory  may  not  be  a  part 
of  overy  over-ride  accident.  It  is  worthwhile  to  consider  the 
risks  to  the  occupants  in  each  boat  during  such  an  accident.  To 
the  occupants  in  the  bullet  boat,  the  experience  is  not  unlike 
simply  jumping  over  a  ramp.  High  speed  accidents  can  result  in 
long  airborne  flights  for  the  bullet  boat.  The  bullet  boat  may  not 
lose  much  of  its  kinetic  energy  in  an  over-ride,  even  if  it  has 
penetrated  the  sidewall  of  an  open  motorboat.  Of  course,  the 
energy  lost  is  dependent  upon  many  complex  variables,  mainly  those 
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associated  with  the  structure  of  the  target  boat  which  was 
penetrated.  Some  night  time  accidents  have  been  documented  where 
the  occupants  of  the  bullet  boat  were  not  even  aware  that  they  had 
DUst  run  over  another  vessel,  but  thought  they  may  have  struck  a 
log  instead.  Since  the  bullet  boat  may  ride  over  the  struck 
vessel,  the  longitudinal  deceleration  of  the  bullet  boat  may  not  be 
severe.  The  vertical  component  of  acceleration  experienced  during 
the  impact  is  a  potential  problem,  possibly  throwing  the  occupants 
from  the  boat.  If  the  impact  is  such  that  the  bullet  boat  rolls 
during  contact,  the  roll  velocity  can  be  sufficient  to  aid  in 
throwing  occupants  out  of  the  boat,  or  at  least  knocking  them  off 
balance.  Stern  impacts  with  outboards,  and  glancing  blows  are 
typical  accidents  that  may  product  high  roll  rates  for  the  bullet 
boat.  The  occupants  of  the  bullet  boat  involved  in  a  high  speed 
over --ride  may  be  at  risk  of  injury  when  the  boat  re-enters  the 
water.  The  relatively  large  flat  surfaces  of  a  boat  hull  can 
result  in  quite  a  jolt  to  the  occupants  when  splashdown  occurs. 

The  occupants  of  the  target  boat  are  at  great  risk  of  injury 
during  an  over-ride  accident.  Occupants  may  be  injured  by  direct 
contact  with  the  striking  boat  hull,  by  the  propeller  or  lower 
unit,  or  by  flying  debris.  They  are  also  at  risk  of  being  thrown 
overboard.  Occupants  who  see  the  target  boat  coming  are  sometimes 
able  to  duck  low  enough  to  avoid  being  struck.  Over-rides  often 
keep  most  of  the  parts  of  the  bullet  boat  some  distance  from  the 
flooring  of  the  struck  boat.  This  space  may  be  the  only  place  the 
occupants  can  go  during  the  collision  to  avoid  being  struck. 

The  good  news  for  the  occupants  of  both  boats  is  that  the  high 
accelerations  and  severe  secondary  impacts  associated  with  typical 
automobile  collisions  are  not  generally  present  in  over-ride 
accidents.  By  secondary  impacts  in  this  context,  we  are  referring 
to  the  collision  of  an  occupant  with  some  internal  part  of  the  boat 
structure.  People  do  get  bounced  around  and  may  even  be  fatally 
injured  during  an  over-ride  accident.  Based  on  a  limited  amount  of 
preliminary  data,  it  appears  that  fatalities  in  over-ride  accidents 
are  not  generally  from  secondary  impacts.  The  boat  dynamics  seem 
to  be  mild  enough  so  that  fatalities  from  occupants  striking 
interior  surfaces  of  the  boat  are  limited.  In  some  cases,  serious 
injuries  from  a  relatively  non-severe  accident  may  occur  to  an 
occupant  ^  from  an  impact  with  a  pointed  windshield  frame  or  other 
sharp  object.  Minor  decelerations  which  may  occur  to  either  boat 
may  result  in  serious  injuries  simply  because  of  the  unfriendly 
nature  of  many  boat  interiors. 

B4.  Contact  Only,  No  Penetration 

Occasionally,  two  boats  may  come  into  contact  with  each  other 
without  creating  an  over-ride  or  penetrating  a  hull  surface. 
Obviously  this  can  occur  at  very  low  speeds,  but  it  can  occur  at 
higher  speeds  as  well.  A  scenario  of  this  type  may  occur  when  two 
boats  are  traveling  on  intersecting  courses  in  roughly  the  same 
direction.  One  or  both  operators  realize  their  impending  fate  at 
the  last  instant,  and  execute  an  evasive  turn.  Their  hull  sides 
may  contact  briefly  and  then  separate  with  nothing  more  than  a 


9-13 


little  paint  transter.  ^  "S 
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II.  collisions  With  Fixed  Objects  (CWFXO) 

The  tendencies  and  characteristi^^^^ 

adSesrf  f^l^^he  most  general  tendencies  with  CWFXO  accidents. 
?hf  ?Sults  of  the  collision  vary  greatly  depending  upon  the  boat 
involved  and  the  object  struck. 

Mhon  3  boat  strikes  an  object  it  will  decelerate.  In  addition 
to  the  ?mpLf  Velocity,  the  rate  otf-leration  Is^dependent^upon 

SirHlSS  a^ip"act  w4“a“no’^^^^ 

ssss::  i  f  s 

irEUS“r„;Lsr..K'U“~%S^^ 

?mpL?  iSJran  eccentric  impact  is  an  off-center  impact,  closer 
to  a  glancing  blow. 

In  CWFXO  accidents,  the  occupants  may  risk 

:?^nru^y"du“tonfcond°T^c^o"A\rn^e  fhYt  ^o"cr  w^n^  thjy  t  he 

msmmmrnm 

ft%fly^r5'm%‘',''r^%“e“ope“ 

Vi  r»n  t-hp  sharn  sheet  metal  of  the  windshield  frame.  An 
IZtTnt  Xo  thrown  balance  and  ^domen 

on  the  corner  of  the  walk-thru  windshield.  This  is  an  example 
how  severe  injuries  can  occur  in  relatively  low  speed  accident  . 

Chapter  4  showed  that  many  of  the  objects  struck  in  CWFXO 
accidents  are  not  seen  prior  to  the  impact.  Stumps  and  underwater 
r-ocks  are  examples.  These  are  particularly  dangerous,  in  part,  due 
i-r,  -t-hp  surer ise  factor.  The  operator  almost  never  has  a  chance  to 

see  the  stump  before  the  impact,  precluding  the  opportunity  for  any 
see  rne  stump  ju  result  neither  the  operator  nor  any  of  the 

S^cSpIntrarTprepared  for  aA  impact,  and  may  be  more  easily  thrown 

off  balance  or  thrown  overboard. 
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III.  Collisions  with  Floating  Objects  (CWFLO) 

Perhaps  the  most  common  factor  discovered  in  the  analysis  of 
these  accidents  is  that  the  object  struck  is  almost  never 
positively  identified.  This  fact  was  discussed  in  Chapter  4,  which 
limited  the  analysis  only  to  fatal  accidents.  Additional  insights 
into  this  category  could  '  be  obtained  by  studying  non-fatal 
accidents  as  well.  It  is  difficult  to  develop  a  list  of  general 
trends  for  this  type  of  accident  based  on  the  limited  data 
obtained.  The  main  concern  when  analyzing  this  accident  in  the 
future  is  to  first  determine  that  it  is  correctly  classified. 


9.3  Conclusions 

We  are  just  beginning  to  learn  the  characteristics  of  certain 
types  of  collision  accidents.  Generalizing  what  happens  in  certain 
CWAV  accident  scenarios  can  help  an  investigator  know  what  to  look 
for  when  analyzing  an  actual  accident.  It  may  be  possible,  in  the 
future,  to  identify  which  scenarios  result  in  the  most  fatalities. 
This  may  show  where  future  efforts  in  improving  boating  safety 
should  be  directed.  This  is  where  some  sort  of  classification 
system  of  accidents  may  help.  In  the  meantime,  it  appears  that 
even  minor  improvements  in  boat  interiors,  with  regard  to  occupant 
protection,  may  help  to  reduce  injuries.  Many  manufacturers  have 
already  begun  the  common  sense  process  of  padding  and  rounding 
interior  surfaces.  Future  efforts  may  be  again  directed  toward 
visibility,  navigation  light  reguirements  and  enforcement,  and 
operator  education. 

CWFXO  and  CWFLO  accidents  are  distinctly  different  from  CWAV 
accidents.  The  first  two  are  freguently  dependent  upon  the 
condition  of  the  waterway  in  which  the  boats  are  traveling.  Even 
the  most  educated  operator  in  good  weather  can  fall  victim  to  an 
unmarked  stump  in  a  lake.  It  is  important  to  realize  that  at  least 
some  CWFXO  accidents  can  be  prevented  by  proper  marking  of  waterway 
hazards. 
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Side  Impact  with  a  Stationary  Tar 
Much  Less  than  thi 


Blow  Possibly  Resulting  in  Minor  Target  Boat  Rotation. 

(A) 


g  Blow  Possibly  Resulting  in  Rapid  Target  Boat  Rotation. 

(B) 


Figure  9-2 


(A) 


(B) 


Rotation  of  the  Target  Boat  can  be  Dampened  if  the  Bullet  Boat  Begins  to  Ride 
Over  the  Bow.  Depressing  the  Bow  Causes  the  CLR  to  Shift  Forward,  Further 

Dampening  the  Rotation. 


Figure  9-3 


TARGET  BOAT 


A  Penetration  Collision  That  Could  Result  in  an  Over-Ride. 

Figure  9-4 


CHAPTER  10 


UNDERSTANDING  AND  DOCUMENTING  ACCIDENT  DATA 


10.0  Introduction 

Accidents  cannot  be  reconstructed  unless  all  the  necessary 
data  required  are  made  available  for  analysis.  This  chapter  will 
provide  an  overview  of  the  techniques  for  documenting  data  from 
boats,  and  when  applicable,  from  the  accident  scene.  We  will  also 
discuss  the  various  types  of  damage  and  what  they  could  mean. 
Every  scratch,  every  paint  smear,  every  crack,  and  every  inch  of 
damage  tells  a  story  about  what  happened.  We  are  only  beginning  to 
understand  how  to  get  the  details  of  that  story,  but  much  of  what 
has  been  learned  is  recorded  in  this  chapter.  After  all,  it  is 
important  to  have  an  understanding  of  what  you  are  documenting  in 
order  to  perform  the  best  possible  job  of  recording  the  relevant 
data . 


Proper  documentation  of  accident  data  is  the  most  important 
part  of  any  accident  investigation.  Yet,  the  investigator  is  faced 
with  many  challenges  at  the  scene  of  the  accident  that  are  often  a 
higher  priority  than  documentation.  Providing  assistance  to  the 
injured  and  the  protection  of  life  and  property  from  further  risks 
are  part  of  those  priorities.  Preservation  of  the  accident  scene 
and  the  documentation  process  must  of  course  be  placed  into  its 
proper  perspective.  Once  the  higher  priorities  are  addressed,  it 
is  extremely  important  to  preserve  the  accident  scene  and  begin 
proper  documentation  procedures. 

Many  of  the  difficulties  encountered  in  gathering  data 
associated  with  a  boating  accident  were  discussed  in  earlier 
chapters.  The  accident  location  is  often  unknown.  One  or  both 
boats  may  be  sunk  or  already  removed  by  their  owners.  In  many 
cases,  the  investigator  may  not  even  find  out  about  a  serious 
accident  until  hours  or  possibly  even  days  later.  All  of  these 
factors  make  it  more  difficult  to  obtain  documentation  of 
un-altered  evidence.  There  will  always  be  circumstances  beyond  the 
investigator's  control  that  prevent  the  accident  from  being 
properly  documented. 

All  too  often  accidents  in  which  all  the  information  was  made 
available  to  the  investigator  were  not  documented  properly,  making 
a  reconstruction  virtually  impossible.  Our  goal  is  to  provide 
sufficient  guidelines  to  the  investigator  to  help  ensure  that  all 
the  essential  information  is  obtained  so  that  the  accident  may  be 
reconstructed . 
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The  procedures  and  guidelines  in  this  section  assume  that  the 
investigator  can  start  out  in  an  ideal  situation.  This  means  that 
in  a  cwlv  accident,  both  boats  are  available. 

that  access  to  the  accident  scene  is  also  available,  which  i 
especially  important  in  CWFXO  and  CWFLO  accidents.  We  will  also 
asLme  that  the  investigator  can  arrive  on  the  scene  shortly  after 

the  accident. 

The  investigator  usually  has  limited  time  and  resources  when 
attempting  to  document  the  damage  relating  to  a  boating  accident. 

ir!s^important  to  realize  that  all  of  the  tJe 

this  chapter  are  not  required  for  every  accident.  It  is  up  to  the 
iniL?igator  to  prioritize  the  areas  that  need  to  be  documented  as 
they  relate  to  the  accident  at  hand.  This  chapter  does  not  include 
all  items  that  may  need  to  be  recorded  for  every  accident,  tut  it 
should  help  to  stimulate  the  investigator's  thoughts  on  what 
information  needs  to  be  recorded. 

witness  interviewing  techniques  are  not  covered  in  this 
report.  It  is  not  because  they  are  not  important,  but  ^ 

is^a  topic  that  has  generally  been  covered  in  other  texts  before. 
I?  is  also  a  standard  part  of  virtually  all  law  enforcement 
officers'  training.  We  want  to  develop  techniques  for 

?eLnstructing  accidents  based  purely  on  the  physical  evidence  when 
pSSible.  Relying  too  much  on  witness  statements  may  tempt  the 
inJlstigator  to  mike  the  evidence  fit  the  statement,  instead  of 
reviewing  the  evidence  to  determine  the  actual  sequence  of  events. 


10.1  Purpose  and  Goals  of  Documentation 

Why  does  anyone  bother  to  do  an  accident  investigation?  The 
common  answer  is  so  that  we  know  what  happened.  T^e  information  can 
be  used  to  improve  boater  education,  identify  statistical  trends, 
dlvlllp  safer  boats,  and  assist  in  litigation.  We  are  usually 
interested  in  the  sequence  of  events  that  lead  up  to  the  acciden  , 
the  events  that  occurred  during  the  accident,  and  the  events  which 
happened  immediately  after  the  accident. 

The  purpose  of  providing  documentation  of  the  accident  data  is 
so  that  a  reconstruction  of  the  sequence  of  events  ® 

accident  can  be  performed.  In  particular,  we  are  usually  trying 
answer  certain  questions  regarding  how  the  accident 
Common  goals  of  a  reconstruction  are  to  answer  the  following 

questions: 

a.  What  was  the  approximate  speed  of  each  boat  at  impact? 
We  at  least  need  to  know  if  the  boats  were  on  plane,  off 
plane  and  level,  or  in  transition  between  planing  and  off 
plane  (bow  up) . 

b.  What  was  the  impact  angle? 

c.  Where  was  the  initial  impact  point?  _ 

d.  Were  the  navigation  lights  operating?  (for  night  time 
accidents  when  relevant) 
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e.  What  happened  to  the  occupants? 

f .  What  were  the  locations  of  the  occupants  prior  to  the 
accident? 

g.  What  happened  to  the  occupants  during  the  impact? 

h.  Were  the  occupants  thrown  overboard,  or  did  they  stay  on 
the  boat? 

i.  If  they  were  thrown  overboard,  did  they  drown?  If  so, 
were  they  wearing  a  PFD?  If  not,  where  were  the  PFDs 
located?  Were  they  readily  accessible? 

j.  If  the  occupants  stayed  on  board,  what  caused  their 
injuries? 

k.  For  CWFXO  and  CWFLO  accidents,  what  was  the  object 
struck? 

1-  Where  did  the  accident  occur? 

m.  What  were  the  causes  of  this  accident? 

n.  What  could  be  done  to  minimize  the  chances  of  this  type 
of  accident  happening  again? 

o.  Who  was  at  fault?  What  were  the  contributing  factors? 

p.  Was  mechanical  failure  involved,  for  example,  loss  of 
steering? 

There  are  other  questions  that  often  need  to  be  answered  in  an 
accident  investigation;  however,  we  will  be  concentrating  on  those 
that  relate  to  physical  evidence  surrounding  the  boat,  the 
occupants,  and  the  accident  scene. 


10.2  What  Are  You  Looking  For? 

It  has  often  been  said  that  if  you  do  not  know  what  you  are 
looking  for,  you  are  not  likely  to  find  it!  Nowhere  is  that  more 
true  than  in  the  field  of  accident  reconstruction.  Simply  stated, 
you  are  looking  for  anything  that  will  help  you  to  determine  the 
sequence  of  events.  This  can  include  items  such  as  physical 
damage,  instrumentation  readings,  throttle  settings,  and  the  list 
goes  on.  It  is  the  understanding  and  interpretation  of  the 
physical  damage  that  is  often  the  least  understood  and  most 
difficult  part  of  the  investigation.  In  the  next  few  sections,  we 
will  concentrate  purely  on  understanding  physical  damage.  Other 
important  areas  such  as  instrument  readings,  navigation  lights,  and 
so  forth  will  be  also  be  covered  in  this  chapter. 

When  examining  a  boat,  there  are  several  types  of  damage  that 
are  commonly  present.  These  types  are  listed  below: 

1 .  Contact  damage 

2 .  Striations 

3 .  Imprints 

4 .  Induced  damage 

5.  Items  that  shift,  move,  deflect,  or  provide  PDOF 
(principle  direction  of  force)  indications 

6.  Secondary  impact  damage  (occupant  impacts  or  other  loose 
objects) 
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we  will  briefly  explain  each  of  these  types  of  damage  and  how 
to  recognize  them. 

10.2.1  Contact  Damage  -  What  It  Is  and  How  To  Identify  It 

contact  damage  is  the  result  of  two  objects  coming  into  direct 
contact  with  each  other.  Usually,  the  materials 
SoUfi  hr-Pak  shatter  crack,  or  deform.  Since  much  of  the  damage 
which  occurs  to  a  boat  in  a  collision  is  not  from  contact  damage, 
adStioSal  techniques  are  needed  to  identify  a  damaged  area  as 

with  the  other  object.  Contact  damage  can 
SSiall?  be  identified  because  material  from  one  obDect  has  been 
transfLred  to  the  other.  This  may  be  p^J^es 

transfers,  or  rub  rail  marks  for  example.  In 

themselves  may  be  transferred.  As  an  example  of  the  latter,  a 
portion  of  a  d^ecal  on  the  hull  of  one  boat  was  embedded  underneath 
the  edge  of  a  cleat  on  a  second  boat.  During  the  course  of  our 
?ield  accident  investigations,  types  of 

to  be  common  to  many  accidents.  Wf  will  look  briefly  at 
specific  types  of  contact  damage,  and  how  to  identify  them. 


10.2.1.1  Contact  Damage-  Rub  Rail  Transfers 


Many  small  boats  contain  a  rub  rail,  which  consists  of 
or  a  similar  material  set  inside  an  aluminum  or  other  metallic 
frame  that  extends  around  the  perimeter  of  the  ^® 

rail  makes  contact  with  another  boat  during  a  collision,  the 
transfer  of  the  rub  rail  material  to  the  hull  of  the  second  boat 
S  be  eaJily  identified.  Rub  rail  transfers  often  have  the 
following  characteristics: 

-  short  black  streaks  on  the  hull 

-  may  leave  a  sticky  black  textured  mark 

-  the  transferred  rubber  is  easily  scraped  off 

The  rub  rail  may  show  signs  of  being  scraped  or  rubbed,  but 
seldom  retains  any  visible  coloring  or  paint  transfer  from  the 
other  boat  where  contact  was  made.  In  other  words,  you 
usually  look  at  a  rub  rail,  and  tell  what  color  of  gelcoat  it  came 
in  contact  with  on  the  second  boat# 

When  the  rub  rail  comes  in  contact  with  the  fiberglass  hull  of 
the  second  vessel,  the  friction  may  produce  sufficient  heat  to 
soften  or  melt  the  rubber  in  the  rub  rail.  This  facilitates  the 
transferring  of  small  amounts  of  rubber  to  the  fiberglass  hull  of 
the  other  boat. 
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10-2.1.2  Contact  Damage  -  Outboard  Motor  Cowlings 

If  the  outboard  motor  cowling  on  one  boat  is  damaged,  it  is 
wise  to  begin  to  search  for  the  matching  damage  on  the  other  boat. 
Many  times  the  outboard  motor  cowling  is  painted  a  color  that  is 
from  any  other  color  on  the  boat.  As  such,  it  is  often 
easy  to  identify  the  marks  on  the  hull  of  the  other  boat  where  this 
contact  was  made.  Black  motor  cowlings  on  light  colored  hulls  are 
often  especially  easy  to  identify.  The  shape  of  a  typical 

outboard  cowling  along  its  top  often  makes  a  pair  of  easily 
identifiable  marks.  Most  motor  cowlings  have  a  "step”  in  their 
design  at  the  forward  edge  of  the  cowling  that  is  noticeable  when 
viewing  a  profile  of  the  motor.  This  step  typically  leaves  a  pair 
of  smudged  streaks  against  a  hull  surface  when  struck  in  a 
transverse  direction,  and  contacted  near  the  front  of  the  cowling. 
The  resulting  marks  may  still  be  identified,  though  they  are  not 
quite  so  discernible,  even  if  the  angle  of  motion  of  the  bullet 
boat  is  not  parallel  to  the  face  of  the  motor  cowling.  Note  that 
the  steering  angle  of  the  outboard  at  the  instant  of  contact  will 
affect  the  appearance  of  these  marks. 

The  appearance  of  marks  from  outboards  is  not  always  easy  to 
identify.  Even  with  black  cowlings  and  light  colored  hulls,  the 
marks  may  only  appear  as  a  light  black  smear.  It  is  often 
difficult  to  find  clear  evidence  of  paint  on  the  outboard  cowling. 
Paint  is  not  easily  transferred  to  the  motor  cowling  from  the  hull 
of  a  striking  boat.  Therefore,  examination  of  the  outboard  cowling 
alone  will  not  usually  reveal  which  part  of  the  striking  boat  came 
into  contact  with  the  cowling. 


10.2.1.3  Contact  Damage  -  Metal  to  Fiberglass  Contact 

It  is  common  in  over-ride  accidents  for  the  windshield  frame, 
metal  hand  rails,  or  other  metal  surfaces,  of  the  struck  boat  to 
come  into  contact  with  the  bottom  of  the  hull  of  the  bullet  boat. 
When  metal  surfaces  impact  or  scrape  across  a  fiberglass  hull,  the 
result  is  generally  quite  different  from  when  two  fiberglass 
surfaces  rub  across  each  other. 

A  common  example  of  this  occurs  during  an  over-ride,  when  the 
hull  bottom  of  the  bullet  boat  scrapes  across  a  metal  windshield 
frame.  If  the  direction  of  travel  is  along  the  direction  of  the 
metal  frame,  the  result  is  typically  a  deep  gouge  or  scratch. 
These  scratches  may  even  penetrate  through  the  first  layer  of 
fiberglass  in  the  hull.  If  the  motion  of  the  bullet  boat  is  across 
the  metal  frame,  the  result  is  a  wide  scrape  that  usually  leaves 
jagged  edges  of  fiberglass  for  the  entire  contact  area.  The  depth 
of  this  damage  is  usually  sufficient  to  remove  all  of  the  gelcoat, 
and  penetrate  to  raw  fiberglass.  The  coating  of  the  aluminum  may 
leave  silvery  marks  along  the  contact  area. 
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rtnnrtiaQ  cuts  or  iaqqed  scrapes  in  a  fiberglass  hull, 
which  mav  be  surrounded  by  striation  marks  in  the  same  direction, 

?srh:u“^;hTsiriTs“cTmm“%^oc;“^s!or,"fh/ 

r£^~-is-ap’pr  -O 

the  hull. 

10.2.1 .4  Contact  Damage  -  Paint  Transfers 

Paint  transfers  are  one  of  the  most  common  characteristics  of 
contac?"amage"^  Paint  transfers  often  appear  as  scratches  of  a 
r-oinT-  different  from  the  surrounding  surface  color.  These 
transfers  usually  occur  when  two  surfaces  come  in  contact  and  slide 
Soss  eac^othL.  The  result  is  that  they  often  swap  small 
nortfSns  of  paiS  colored  decals,  or  other  surface  material. 

^SesHIrks  a?e  us;ful  because  they  usually  ^ 

thf Surface  that  made  the  contact.  This  is  especially  helpful  in 
boats  that  have  more  than  one  color  on  their  hull. 

one  must  be  careful  in  identifying  paint  transfers  The  outer 
color  of  a  boat  hull  may  be  different  than  a 

underneath.  As  a  result,  when  the  outer  coat  is  scratched,  what 
visible  as  a  different  color  may  be  the  base  coat  below.  It  is 
important  not  to  confuse  these  scratches  with 

these  cases,  the  scratch  may  be  indicative  of  contact  damage,  but 
thfSo^S  of  the  scratches  is  not  that  of  the  other  boat  I 


10.2.1 .5  Contact  Damage  -  Skeg.  Propeller,  and  Lower  Unit 

accidSS?  fnvSrvirgnn'^-eS-rTdin^  oTa\Sl\hS| 

the  "“^^kguri^  tT  TnuSt™  tSS 

SSSSactcristics  of  thil  damage.  For  sake  of  completeness  we  will 
repeat  the  key  concepts  here  as  they  apply  ^ 

damaqe  These  concepts  apply  to  both  inboard/ outdrive  an 
tZllVd  boats  in  most  of  the  material  that  follows,  descriptions 
of  damage  that  refer  to  the  outdrive  also  apply  to  outboard  powered 

boats . 

In  a  CWAV  over-ride  type  collision,  the  lower  unit  may 
penetrate  the  hull  of  the  struck  vessel. 

the  lower  unit  may  never  make  contact  with  the  struck  boat, 
especially  if  the  struck  boat  is  moving.  When  the  lower  unit  does 
pSStJate  the  hull  side,  it  leaves  several  identifying  marks  as 

follows: 

-  A  hole  (where  the  torpedo  of  the  gearcase  penetrated) 
with  a  vertical  slit  extending  below  it  where  the  skeg 
penetrated.  If  the  gearcase  strikes  high  enough  the  slit 
from  the  skeg  may  be  all  that  is  visible; 
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This  is  usually  below  other  obviously  damaged  areas, 

(It  may  be  the  lowest  damaged  area  on  the  struck  boat); 


Shaved  areas  of  fiberglass  around  part  of  the  gearcase 
hole  caused  by  one  or  more  propeller  blades  passing 
through  that  area.  Propeller  blade  cuts  will  be  at  a 
distinctly  different  angle  than  the  path  of  the  skeg  due 
to  the  high  rotational  speed  of  the  propeller  blades. 


should  be  noted  that  this  area  is  not  always  as  obvious  as 
one  might  expect.  The  flexible  nature  of  fiberglass  may  have 
caused  much  of  the  deflected  material  to  return  to  its  original 
orientation,  leaving  only  relatively  small  openings  and  minor 
damage  readily  visible.  Close  examination  will  usually  reveal 
where  large  sections  of  fiberglass  had  folded  out  of  the  way. 


Occasionally  when  an  outdrive  or  outboard  motor  passes  over  an 
object  such  as  a  swim  platform  (which  may  occur  during  a  stern 
impact),  a  deep  cut  created  by  the  skeg  is  all  that  is  visible. 
Cuts  in  adjacent  material  that  are  roughly  transverse  to  the  skeg 
cut  may  be  made  by  the  propeller. 


Some  researchers  have  speculated  on  using  the  distance  between 
propeller  cuts  in  material  to  estimate  boat  speed.  While  other 
useful  information  can  be  gained  from  a  clear  set  of  propeller  and 
skeg  marks,  speed  is  not  one  of  them.  The  distance  between 
propeller  cuts  is  relatively  constant  for  most  forward  boat  speeds, 
and  IS  based  on  propeller  pitch  and  slip,  it  is  also  possible  that 
the  speed  of  the  rotating  propeller  varied  slightly  as  it  cut 
through  the  material.  Also  when  the  propeller  leaves  the  water 
under  power  it  will  quickly  increase  in  rotational  speed  (rev  up) . 
The  effect  is  to  create  blade  cuts  that  are  much  closer  together 
than  would  be  normal  for  that  boat  speed.  Thus,  the  best  use  of 
these  damage  patterns  is  to  positively  show  the  location  at  which 
the  outdrive  penetrated  the  struck  boat. 


10.2.1.6  Contact  Damage  -  Initial  Impact  Points 

To  reconstruct  a  CWAV  accident,  it  is  extremely  helpful  if  the 
initial  impact  point  can  be  determined.  This  is  perhaps  one  of  the 
most  difficult  determinations  to  make.  If  the  struck  boat  is 
stationary,  or  traveling  very  slowly,  the  portions  of  the  hull 
where  the  bow  of  the  striking  boat  made  initial  contact  are  often 
smashed  into  oblivion.  This  is  also  true  of  impacts  where  the 
strucJc  boat  has  a  low  relative  velocity  when  compared  to  the 
striking  boat.  Evidence  of  where  the  outdrive  or  outboard 
penetrated  the  hull  may  be  located,  but  the  exact  point  where  the 
bow  of  the  bullet  boat  made  contact  is  not  generally  discernible. 
This  IS  because  the  area  where  the  initial  contact  occurred  was 
further  penetrated  by  the  remainder  of  the  bullet  boat,  including 
the  outdrive. 
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assumerirb^’^n'earthe  penetrated  if  all  of 

the  following  conditions  are  true. 

iLe  speed  of  two  to  three  itiph)  when  compared  to  the 

vpTocitv  of  tho  bvillof  bo3.t  +-<-»  *14“^ 

-  The  bullet  boat's  velocity  „as  not 

longitudinal  centerline  (i.e.,  the  bullet  boat 

.  ?^rb^"^of  U^L!irSJt\\sToTdU 

.  re^i^?2orb^oa%^^d“el^n?t  rtTte°"si?nlf^^^^^^^^^^  durin,  the 
impact 

visible.  If  a  CWAV  .“7°^''buiiet  boat  «hioh  strikes  the 

possible  that  the  only  part  of  the  bullet  boat  wn 

toll  of  the  target  boat  in  the  “ea  of  first  con«c 
in  other  words,  the  remainder  of  the  bullet  boat^^ 
through  the  same  h^ea  as  that  whito  is  y 

contact.  This  means  that  marks  which  inoio 
left  intact  on  the  struck  boat  One  example  of^th^^ 

left  in  the  fiberglass  of  the  struck  4-y,e  gharo  "V  of  the  bow 
bullet  boat  or  an  indentation  created  by  the  sharp  v 

of  thG  bullBt  boat. 

It  is  generally  assumed  that  the  point  of  first 

bullerbiat'is  the  Lw.  Certain  situations  however  especia^^^^^ 

collisions  where  the  impact  angles  place  “e  contact 

boats  nearly  P^allhl  -th  -ch  other, ^ lead  t^o 

areas  of  the  of  the  boat  may  make  first  contact. 

?S?e  :?rj4vS:/  tototgtoS  you  can  --o  underst  d  how^this  is 

sris-f  rth-borts^-rpS,^^^^^^^^ 

"wSiirthri^adi^“;dgTlf%^^^^^  “u  not  mike  contact  first,  if 

at  all. 

t^erbol^s  sis  raSIclleT'Sd'irudrSril'lfntStlrSl 

for  various  impact  angles. 

10-2.1-7  Damage  Not  Related  to  the  Accident 

Not  all  damage  that  appears  on  a  boat  is  directly  related  to 
an  aSident.  lon-accidlnt  related 
categorized  into  one  of  three  categories  as  follows. 

-  Damage  which  occurs  during  recovery  of  the  boat 

-  Normal  wear  and  tear 

-  Previous  minor  accident 
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These^  items  are  listed  in  approximate  order  of  importance 
based  on  limited  field  experience.  In  a  serious  accident,  a  vessel 
may  be  heavily  damaged.  If  the  boat  has  capsized,  sunk,  swamped  or 
beached,  some  additional  damage  to  the  boat  will  generally  occur 
during  salvage  and  recovery  of  the  vessel.  If  the  boat  is  still 
floating  upright  after  an  accident,  it  may  be  recovered  onto  a 
trailer  with  little  additional  damage. 

On-scene  photos  or  videos  of  a  boat  which  has  been  swamped  or 
capsized,  or  even  sunk  (if  it  is  at  all  visible)  can  be  important 
in  helping  to  separate  damage  which  was  done  during  a  recovery 
operation  from  damage  which  occurred  during  the  collision.  For  the 
same  reason,  it  may  be  beneficial  to  photograph  or  videotape  the 
recovery  operation.  Views  of  the  boat  as  it  is  being  recovered  may 
prove  valuable  in  showing  that  certain  damage  was  either  present  or 
absent  at  a  certain  point  in  the  recovery.  Such  footage  can  also 
help  an  investigator  to  formulate  hypotheses  regarding  the 
potential  for  the  recovery  operation  to  have  created  certain 
questionable  damage.  For  example,  if  a  capsized  boat  is  shown 
being  drug  across  a  rocky  shore  bottom,  it  will  certainly  help  to 
show  what  caused  a  series  of  scratches  found  on  the  side  making 
contact  with  the  rocks. 

The  importance  of  procedures  in  the  preceding  paragraph  should 
not  be  underestimated.  In  one  particular  accident,  photographs  of 
a  capsized  boat  (which  was  still  in  the  water)  taken  shortly  after 
the  accident  clearly  showed  a  set  of  striation  marks  on  the  aft  end 
of  the  bottom  of  the  hull.  These  marks  were  crucial  to  the 
accident  reconstruction,  and  showed  that  they  were  not  caused  by 
the  recovery  operation. 

It  is  also  important  to  distinguish  contact  damage  which 
occurred  during  an  accident  from  that  which  may  be  part  of  normal 
wear  and  tear  on  a  boat.  Most  seasoned  boats  will  accumulate 
scratches  on  the  bottom  of  the  hull  over  time.  They  may  be  from 
beaching,  grounding,  or  an  occasional  goof  when  loading  the  boat 
onto  the  trailer.  Boats  that  spend  much  of  their  time  tied  to  a 
dock  may  also  accumulate  minor  scratches  and  dents  from  rubbing  or 
banging  against  the  dock's  surfaces.  Another  source  of  contact 
damage  results  from  the  new  boat  owner  who  has  a  few  minor  docking 
accidents.  These  minor  mishaps  are  seldom  serious,  but  may  result 
in  paint  transfers,  or  minor  damage  to  a  boat  that  can  confuse  an 
accident  investigator  when  examining  a  boat  that  has  been  involved 
in  a  subsequent  more  serious  accident. 

While  it  may  not  happen  frequently,  it  is  always  possible  that 
damage  which  appears  on  a  boat  may  be  the  result  of  a  previous 
accident.  Depending  upon  the  nature  of  the  damage,  it  may  not  be 
possible  to  tell  when  the  damage  occurred,  or  even  if  it  is 
definitely  a  result  of  the  accident  being  investigated.  There  are 
several  methods  that  may  be  of  help  in  assessing  the  possibility 
that  certain  damage  was  caused  by  a  previous  accident: 

-  get  the  history  of  the  boat  from  the  current  owner 

-  obtain  photographs  of  the  boat  prior  to  the  accident 
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-  check  with  local  repair  yards  or  marinas  in  the  area 
regarding  work  that  may  have  been  performed 

-  check  with  previous  owners  about  the  boat  s  history 

It  may  be  apparent  that  certain  types  of  damage  occurred  long 
aao  Sions^  of  rust,  corrosion,  or  even  the  amount  of  dirt  ® 
dLaged^rea  can  be  indications  that  damage  was  not  the  result  of 

a  recent  event. 

While  it  may  not  always  be  possible  to  determine  if  certain 
damaae  is  related  to  the  accident  under  investigation,  simply  be i  g 
awa^ftiSt  it  mty  not  be  related  to  the  current  accident  will  help 
you  from  making  dangerous  assumptions  during  your  investigation. 

10.2.1 .8  Contact  Dantage  -  Summary 

Obviously  physical  damage  can  be  a  result 
coming  into  contact  with  each  other.  Experience  ^as  taught  us 
that  just  because  physical  damage  is  present,  ®  ^^^^^^tact 

it  is  contact  damage.  Thus,  we  need  other  ways 

damaae.  The  characteristics  described  in  this  section  are 
frequently  present  on  surfaces  damaged  by  contact 
obiectV  None  of  these  characteristics,  or  all  of  these 
characteristics  may  be  visible  in  a  local  damaged  area 
contact  damage.  No  hard  and  fast  rules  are  available  to  prove  that 
a  certain  area  was  damaged  by  contact  with  another  ^  ^ 

of  these  characteristics  are  present.  Experience  has  shown  that 
generally,  at  least  some  of  these  identifying  characteristics  are 
present  ^in  most  contact  damaged  areas.  Contact  damage  is 
important,  especially  in  CWAV  accidents.  It  shows  where  two  boats 
actually  touched  each  other  during  the  accident.  This  information 
K^pf  to  establish  the  orientation  of  the  two  boats  during  the 
accident  and  is  thus  critical  to  a  reconstruction.  It  i 
important  to  distinguish  contact  damage  from 

otherwise  inaccurate  conclusions  may  be  drawn  regarding  the  boat  s 
orientation  during  the  contact  phase  of  the  collision. 


10.2.2 


Striations 


Striations  are  one  form  of  contact  damage,  but  can  contain  so 
much  information  that  they  are  worthy  of  discussion  as  a  separate 
topic.  Striations  are  essentially  scratches  in  a  surface.  They 
are  caused  by  friction,  abrasion,  scraping  or  rubbing  against  two 
surfaces.  The  existence  of  striations  shows  that  the  two  surfaces 
which  made  contact  were  not  traveling  at  the  same  velocity  while 
they  were  in  contact.  This  is  a  characteristic  of  a  Partial 
impact.  Striations  may  be  virtually  non-existent  in  a  full  impa 
Striations  are  normally  limited  to  surface  damage.  They  are 
important  because  they  indicate  the  relative  direction  of  movement 
of  the  two  surfaces  while  they  are  in  contact  with  each  other. 

Striations  come  in  many  forms  and  can  be  analyzed 
different  purposes.  Some  striation  marks  are  really  a  pattern  that 
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can  be  traced  back  to  the  particular  object  that  created  them. 
Striations  can  also  be  useful  for  interpreting  the  relative 
movement  of  one  boat  while  in  contact  with  another.  Curved  sets 
of  striations  may  be  indicative  of  the  following: 

One  boat  rotated  while  it  was  in  contact  with  the  other 

-  The  object  which  created  the  striations  moved,  deflected, 
or  was  significantly  displaced  as  the  marks  were  made 

-  The  velocity  of  one  or  both  boats  changed  significantly 
while  the  boats  were  in  contact  with  each  other 

A  great  amount  of  detail  is  given  to  the  analysis  of  striation 
marks  in  Chapter  12. 


10.2.3  Imprints 

Imprints  are  also  a  form  of  contact  damage.  They  may  occur 
when  two  objects  collide,  and  attain  the  same  velocity,  even  if 
only  for  an  instant.  An  imprint  occurs  when  a  striking  object 
leaves  an  impression  on  the  surface  struck  that  resembles  the  shape 
of  the  striking  object.  Accident  number  nine  in  Chapter  13  shows 
several  examples  of  imprints.  The  deformation  of  a  hand  rail 
struck  by  the  bow  eye  of  a  boat,  and  the  outline  of  the  shape  of  a 
seat  on  the  bow  of  a  striking  boat  are  two  examples  of  imprints. 

Imprints  are  useful  because  it  is  usually  possible  to  match 
the  imprint  with  the  object  which  caused  it.  This  helps  to 
positively  determine  the  orientation  of  the  two  boats  during  at 
least  one  point  of  the  collision. 

10.2.4  Induced  Damage 

During  some  collisions,  the  struck  boat  may  show  signs  of 
damage  from  literally  one  end  to  the  other,  even  though  only  a 
small  part  of  the  craft  was  directly  struck  by  the  other  vessel. 
Damage  that  is  not  caused  as  a  result  of  direct  contact  with  a 
striking  object  is  normally  called  induced  damage. 

Common  examples  of  induced  damage  are  separation  of  the  hull 
and  deck  joints,  and  stress  cracks  in  fiberglass  hulls  well  away 
from  the  impact  point.  It  is  important  to  realize  that  severe 
damage  to  certain  parts  of  a  boat's  hull  may  not  be  caused  by 
contact  with  a  striking  vessel.  During  a  collision,  the  hull  sides 
may  flex  a  large  amount,  and  then  spring  back  to  the  original 
position.  If  the  displacement  is  large  enough,  entire  hull 
sections  may  literally  act  as  though  they  are  hinged  about  the 
closest  hardpoints.  Stress  cracks  may  appear  at  these  hardpoints 
in  a  direction  parallel  to  this  apparent  hinge.  Induced  damage  is 
important  if  only  because  it  is  necessary  to  distinguish  it  from 
contact  damage.  Remember  that  hardpoints  are  areas  where  the  boat 
structure,  such  as  the  hull,  are  rigidly  supported  by  a  bulkhead, 
stringer,  or  other  strong  support.  The  softer  hull  skin  tends  to 
flex  around  these  areas. 
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10.2.5  Items  That  Shift  and  Provide  Indications  of  Thrust  Direction 

When  two  boats  collide  the  contact  ^^’otrSatJ"”''?? 

to  result  in  a  in  an  eccentric  impact, 

the  primary  thrust  direction  to  Chapter  7  for 

rotation  of  the  struck  boat  ^  Often  the  deceleration  is 

more  information  on  Jar ious^ objects  or  structures 

enough  to  cause  displacemen  _,-,„py-c  and  the  contents  inside  a 
InsiL  the  boat.  Seats,  engine  “Iffted  in  a  certain  direction. 

storage  compartment  may  a  ,  to  shift  in  a  direction  that  is 

These  objects  will  have  a  te^^^^to^shl tt _^in 

exactly  opposite  °t  . .  i^cal  acceleration  vector  may 

important  to  understand  that  the  local^  ^  junction  ot  time 

change  both  in  magnitude  esnecially  true  for  eccentric 

throughout  the  collision.  Thus  the  displacement 

collisions  involving  high  station  rut«  Thus ^  t^^^ 

of  an  object  such  as  an  ';llfu„"fecu^^  the  collision, 

varying  accelerations.  If  .inertly  opposite  the  direction  of 
the  acceleration  vector  is  useful  because  we 

thrust  created  by  the  ^  direction  and  thus  the  direction 

shift  of  various  structures  or  objects. 

Items  that  shift  and  indicate  a  g^ppJ,J.°  e^Jby^ a  single 

varieties.  During  one  Vroke^ loose  during  the  impact.  The 

round  post  in  a  cuddy  crui  indicated  the  thrust  direction 

dSrLTixiac^^^^^^  accident,  the  post  was  leaning 

toward  the  impact  point. 

These  concepts  are  important  because  V?"  fl^pu^tion! 

The  investigator  is  Jiirection'^^on^'^boats  which 

displaced  objects  to  estima  e  collision.  Often  forces  which 

capsized,  swamped,  or  sunk  ^  cause  displacement  of  an 

Tbrectth^^b^rid^"^^^^^^^^^  caused  by  deceleration. 


10.2.6  Secondary  Impact  Damage 


we  Know  "f^orcr^ThiS 

stop  rather  suddenly,  but  the  occupan  result  is  that 

bVfThJ'  f“rJ?.^^  u4^ns-of“tr:  -;-dfry%^°ct^  aT:  o7tl^n  le^? 
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behind.  The  operator  may  impact  the  steering  wheel  and  windshield. 
Passengers  may  strike  other  parts  of  the  boat  interior.  In  either 
case,  any  signs  of  secondary  impact  should  be  carefully  documented. 

Secondary  impact  signs  left  by  the  operator  are  usually  the 
most  easily  identified.  Damaged  steering  wheels  and  windshields 
are  common  signs  that  the  operator  MAY  have  struck  this  area.  One 
must  be  careful  not  to  assume  that  it  was  the  operator  who  caused 
such  damage.  In  CWAV  accidents,  passengers  have  been  known  to  be 
throv/n  in  the  general  direction  of  the  operator's  position,  and  may 
have  been  responsible  for  the  interior  impact  damage.  Matching  of 
injuries  on  victims'  bodies  with  objects  struck  may  prove  which 
person  struck  which  objects.  This  information  is  important  because 
it  helps  to  identify  the  general  motion  of  the  occupants  relative 
to  the  boat  during  the  impact. 

One  must  also  be  careful  not  to  confuse  secondary  impact  signs 
with  contact  damage  caused  by  the  other  vessel.  If,  for  example, 
^ plastic  steering  wheel  contains  deep  cuts  or  shows  signs  of 
significant  abrasion,  it  was  most  likely  struck  by  a  harder  object. 
An  object  which  suffers  an  impact  with  an  occupant  may  bend,  break, 
crack,  or  deform,  but  it  will  not  generally  contain  surface  cuts, 
deep  gouges,  or  abrasions.  Marks  such  as  these  are  almost  always 
caused  by  contact  with  another  hard  or  harder  object. 

Secondary  impact  signs  can  be  very  difficult  to  detect.  Boat 
interiors  are  frequently  full  of  hard  fiberglass  surfaces  which  do 
not  leave  much  of  a  record  of  what  objects  might  have  impacted 
them.  Any  cracks,  noticeable  deformations,  or  other  signs  of  any 
type  of  damage  should  be  photographed  in  the  occupant  interior.  It 
may  be  easier  to  examine  the  injuries  of  the  occupants  and  then 
determine  the  object  struck  than  the  other  way  around.  Windshield 
corners,  brackets,  steering  wheels,  and  other  surfaces  may  leave 
distinct  marks  in  a  victim.  Experienced  medical  personnel  can  be 
most  valuable  in  assessing  the  type  of  object  struck  necessary  to 
result  in  a  certain  type  of  injury. 

It  is  extremely  important  to  attempt  to  determine  the  location 
of  all  occupants  in  a  boat  before  a  collision,  and  to  determine 
what  happened  to  each  of  those  occupants  during  and  immediately 
after  a  collision.  While  this  may  not  always  be  possible,  it  can 
be  of  great  help  in  the  investigation.  It  is  always  important  to 
determine,  at  a  minimum,  if  people  were  thrown  overboard,  or  if 
they  stayed  in  the  boat.  Caution  is  encouraged  when  occupants  of 
a  violent  collision  try  to  describe  exactly  which  way  they  were 
thrown.  It  is  extremely  easy  for  a  victim  to  become  disoriented 
during  such  an  event,  and  such  descriptions  should  not  be  relied 
upon  too  heavily  during  a  reconstruction.  Credibility  of  the 
account  increases  if  several  other  witnesses  or  occupants  provide 
consistent  statements. 

Secondary  impact  signs  may  not  be  caused  by  the  occupants.  Any 
loose  object  in  the  boat  may  strike  another  part  of  the  boat's 
interior  and  cause  enough  damage  to  be  detectable.  Items  mounted 
on  bulkheads  such  as  fire  extinguishers  or  other  equipment  may 
break  loose  during  an  impact,  and  strike  another  nearby  surface. 


10-13 


If  screw  mounted  components  rip  free 

iH-SSS-SSSSSiri 

thrust  direction. 


10.3  Where  Do  You  Look? 

Much  of  the  answer  to  this  question  can  be  found  in  Section 
Much  innV  for  answers  the  question  of  where  to 

r“ma^''^tfpe:°ord\m%^e*'’^“There  fHat 

a?jrs"«orthy  of  exTr^lon  and  present  the  remaining 
ones  in  the  form  of  a  checklist. 

10.3.1  Hull  Bottoms  -  Documenting  Striations 

When  an  over-ride  collision  bMt‘’“^Thl 

Varhp»-I-  nacises  ovcr  at  least  some  portion  of  the  struck  hoar.  ine 
result  is  a  series  of  striations  and  other  damage  that  are  left 

iEEVrl  e^^t^rel^im^^it-n^^nVr^^^^^^^^^^^^^^^^  K 

piTopGirly  d.ocuiuGnt©d.  • 

If  the  striations  are  going  to  be  used  in  a  reconstruction, 

rq^r,vopn  anole  nrovide  qood  information  with  which  to  worK.  we  wxxj. 

see  how  to  use  these  striation  marks  in  a  mathematical 

Chapter  12 ,  but  f  irst  we  must  learn  the  best  way  to  document  the  . 

Takina  photographs  at  a  90  degree  angle  of  the  hull  bottom  is 
not  an  easy  task.^  The  boat  must  either  be  turned  on  its  side,  or 
suspended  from  a  cradle.  Occasionally  you 

S^LeT"o’^e?'’°'i°^  ;T  fan  ‘^rhaiSe^the^'^toSng  conditions 
iiaiificantlv  If  it  just  so  happens  that  you  arrive  at  the  scene, 
aid  tir  boat  is  floating  capsized,  you  have  an  excellent 
oDDortunitv  to  take  photographs  of  the  hull  bottom.  In  order 
SSt?  a^y  pSotSS  taken  must  have  a  scale,  such  as  a  tape  measure, 

visible  in  the  photograph. 

It  is  often  true  that  the  striations  are  visible  to 

eye,  but  are  not  pronounced  enough  to  show  up  EE  the  ciitlLl 
occurs  you  must  use  some  technique  to  ensure  that  the  critical 

information  shows  up  on  your  photographs.  P  3^^®/ ""^ijiig 

appear  as  a  large  number  of  individual  scratch  marks  of  varying 
Snq?hs  running  parallel  to  each  other.  The  most  i-'Phttant 
information  to  obtain  on  striations  is  their  d^tion,  and 
location  on  the  hull.  The  exact  number  and  length  of  each 
striation  is  not  generally  valuable  unless  you  are  trying  to  match 
a  iaiiiiulii  s?riltion  pattern  to  a  particular  object  on  the  other 

boat. 
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techniques  are  available  to  assist  in  helnina 

«ravail,b?.  “?  >"<»  -piclSl 

Vi^ihif  ^  individual  cracks  and  scratches  more 

fiberalass  these  techniques  in  the  field  on 

fiberglass  boats,  but  labs  specializing  in  non-destructive  testina 

Snl  crulf  procedures  on  a  variety  of  materials  In  the  |as?! 

tho  we  were  able  to  use  was  to  place  tape  next  to 

to  always  a  contrasting  color 

o  the  gelcoat.  The  direction  and  length  of  the  tape  matched  as 

wouM  stand^n^^^^  striations  themselves.  How  well  this  method 
would  stand  up  in  court  is  unknown,  since  the  photograph  is  not  of 
the  actual  damage  but  of  pieces  of  tape  placed  on  toe  hun  Sy  thf 
iS  thP^?i^°iH'  .  provide  a  simple  method  that  anyone  can  use 

strf^^irfn  length,  location,  and  direction  of 

nhniooi  K  ^Iso  shows  up  Well  in  overall 

Sthe?  colored  The  tape  we  used  was 

mi^S  L  t-lv  ^  electrical  tape,  or  in  many  cases  masking  tape.  Care 

stria applying  the  tape  to  keep  it  parallel  to  the 
moJe  striations  are  curved,  this  technique  becomes 

to  employ,  especially  if  you  are  using  a  wider  tape 
such  as  masking  tape.  For  maintaining  a  tape  pattern  parallel  with 
curved  striations,  it  may  be  useful  to  keep  a  roll  of  pinstriping 
width^^a?^^’^  toolkit.  This  tape  is  available  in  1/16  or  1/8  inch 
-  auto  parts  stores.  The  tape  also  comes  in  a  variety 

ot  black  and  one  of  white  will  serve 
well.  It  is  the  same  tape  used  for  detailing 
-omo  lies  and  is  designed  to  be  placed  in  curved  configurations. 

.  markers  to  enhance  striations  is  not  recommended  because 

impossible  to  draw  a  straight  line  free-handed  on  a 
^a™*^  surface.  Following  the  generally  straight  lines  or 

large  sweeping  curves  of  striations  is  much  more  easily 

^  marker.  Tape  can  also  be  easily 
removed  once  the  necessary  photographs  are  made. 

Documenting  the  location  and  direction  of  striations  is 

how  far  forward  or  how  far  back 
hull  bottom  you  are  from  a  distinctly  measurable  reference 
point.  Equally  as  important,  you  should  know  the  lateral  location 

measured  from  the  centerline  of  the 
boat,  but  may  be  measured  from  the  hull  chines  if  that  is  the  best 

.The  problem  with  measuring  from  the  hull  chines 
IS  that  It  requires  some  additional  careful  measurements  to 
determine  the  distance  of  the  hull  chine  inboard  in  the  horizontal 
plane  from  the  outermost  perimeter  of  the  boat.  This  information 
needed  to  construct  the  damage  diagram  discussed  later.  The  use 
°  f  protractor  can  be  helpful  in  estimating  the  angles  of  the 
striations.  if  the  striations  are  essentially  straight,  you  can 
estimate  the  angles  of  the  striations  relative  to  the  centerline  of 
the  boat  by  documenting  how  far  from  a  fixed  location  the  beginning 
and  the  end  of  the  striation  marks  are  located. 

Probably  the  best  method  for  documenting  the  angles  of  striations 
relative  to  the  boat  centerline  is  to  take  photographs.  The 
photographs  of  striations  on  the  hull  bottom  should  be  taken 
perpendicular  to  the  bottom  with  the  centerline  of  the  boat  clearly 
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documented.  The  angles  of  the  striations  can  then  be  measured  with 
a  protractor . 


10.3.2 


Hull  Sides 


The  sides  of  the  hulls  of  both  boats  may  be  full  of 
information.  Paint  transfers  on  the  surfaces  of  the  bullet  boat 
can  provide  data  on  what  part  of  the  target  boat  was  struck  first. 
The  color  of  the  paint  on  or  near  the  bow  of  the  bullet  boat  will 
generally  indicate  the  color  of  the  hull,  and  potentially  the 
location,  where  the  target  boat  was  first  struck.  If  the  other 
boat  is  all  the  same  color,  this  is  not  particularly  helpful 
information;  however,  if  the  color  smeared  on  the  bow  of  the  bullet 
boat  is  unique  to  a  certain  location  on  the  target  boat,  the 
initial  impact  point  may  be  determined. 


The  sides  of  the  target  boat  are  also  full  of  information. 
The  type  of  damage,  and  the  general  shape  of  the  deformed  hull  side 
may  indicate  a  relative  impact  angle.  The  shape  of  the  cutout  made 
on  the  side  of  the  target  boat  which  was  involved  in  an  over-ride 
is  indicative  of  the  impact  angle,  if  we  can  clearly  discern  an 
outline  of  the  hull  penetration  areas. 


It  is  worth  pointing  out  that  if  a  boat  with  twin  engines 
strikes  another  vessel,  that  the  location  of  the  skeg/propeller 
penetrations  on  the  target  boat  is  extremely  valuable.  The 
distance  between  the  skeg  marks  on  a  hull  side  for  example,  can 
help  to  determine  the  impact  angle. 

For  almost  all  collision  accidents,  the  sides  of  the  hull  of 
both  boats  should  be  carefully  examined  and  photographed.  Look  for 
the  signs  and  types  of  damage  covered  in  section  10.2 


10.3.3  Under  The  Carpet 

Attempting  to  determine  the  extent  of  damage  to  a  fiberglass 
boat  by  examining  only  the  outer  visible  areas  of  the  hull  can  be 
misleading.  It  is  usually  necessary  to  examine  the  boat  from  the 
interior  to  help  determine  the  extent  of  damage  and  answer 
questions  about  the  motions  and  interactions  of  the  two  boats  while 
they  were  in  contact.  Wood  and  metal  can  be  your  best  friends  when 
attempting  to  answer  questions  regarding  the  extent  to  which  a  hull 
may  have  deformed  during  an  impact.  The  wood  used  in  the 
construction  of  the  boat  hull,  which  many  times  is  right  next  to 
the  fiberglass  on  the  inside  of  hull,  is  the  best  place  to  look. 
Wood  and  metal  are  better  than  fiberglass  at  suffering  damage  and 
remaining  in  a  shape  somewhat  indicative  of  the  deformation  at 
failure.  Unfortunately,  these  key  indicators  are  usually  hidden  by 
carpet,  padding,  seats,  storage  compartments,  and  similar  items, 
which  themselves  may  appear  undamaged. 

If  conditions  and  the  environment  permit,  you  may  find  it 
useful  to  remove  carpet  and  padding  from  around  the  impacted  area 
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all  the  way  down  to  the  hull  interior.  This  procedure  has  worked 
iri  accidents  where  the  true  extent  of  the  damage  to  a  boat  was 
unknown,  or  where  it  was  desired  to  determine  how  far  another  boat 
penetrated  a  hull  surface.  Obviously  these  procedures  involve 
destructive  examinations  and  should  not  be  undertaken  unless  the 
legal  climate  permits.  They  should  also  not  be  undertaken  until 
all  photographs  and  documentation  of  the  surrounding  areas  which 
are  about  to  be  destroyed  have  been  completed.  If  time  permits,  it 
is  prudent  to  conduct  a  detailed  examination  and  document  all 
evidence  possible  without  destructive  examinations  first,  and  wait 
until  photos  are  developed  satisfactorily  before  engaging  in 
destructive  examinations.  Videotaping  a  destructive  examination 
may  be  useful  in  showing  the  condition  of  items  as  they  are 
discovered  in  the  process. 


10.3.4  Other  Data  That  Should  Be  Recorded 

There  is  a  variety  of  information  that  could  be  recorded  in  a 
boating  accident.  The  specific  information  needed  usually  falls 
into  one  of  two  categories.  It  is  either  data  related  to  damage 
caused  by  the  accident,  or  data  that  helps  to  provide  the  general 
circumstances  that  surrounded  the  accident.  Striations  on  the  hull 
bottom  are  an  example  of  the  former,  while  the  level  of  fuel  in  the 
tank  is  an  example  of  the  latter.  This  report  focuses  more  on  the 
interpretation  and  analysis  of  data  related  to  damage.  However, 
the  investigator  is  not  provided  the  luxury  of  only  recording 
certain  types  of  information  regarding  a  serious  boat  accident. 
Physical  data  on  damage,  circumstantial  data,  and  witness 
statements  all  must  be  analyzed  and  considered  to  perform  a 
complete  reconstruction.  As  a  result,  we  have  provided  a  list 
that  includes  many  of  the  data  items  that  an  investigator  may  wish 
to  record  from  a  boat  after  an  accident.  Not  all  items  are 
relevant  to  all  accidents,  but  the  checklist  should  help  to  remind 
the  investigator  of  those  items  relevant  to  his  or  her  particular 
situation.  If  attempts  are  made  to  reconstruct  the  accident 
several  years  after  it  occurrs,  it  will  be  crucial  for  the 
reconstructionists  to  know  exactly  what  damage  resulted  from  the 
collision  and  which  damage  was  caused  by  the  destructive 
examinations . 


CHECKLIST  OF  PLACES  TO  LOOK  FOR  PHYSICAL  DAMAGE 

Following  is  a  reminder  of  common  places  to  check  and  inspect  for 
damage  following  a  collision.  This  list  is  intended  for  boats  in 
CWAV  accidents,  but  many  items  apply  to  CWFXO  and  CWFLO  accidents 
as  well. 

1.  Hull  Bottom 

striations,  chunks  removed,  paint  transferred? 

2.  Hull  Sides 

3.  Bow  of  Bullet  Boat 

paint  transfers 
striation  directions 
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IT)  v£) 


4  . 


7. 


8. 


9. 

10. 
11. 
12. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

20. 
21. 
22. 
23  . 

24. 

25. 

26. 
27. 


28. 

29. 

30. 

31. 

32. 

33. 

34. 

35. 


General 


Bow  Eye  (Bent  or  damaged) 

Stern  (including  swim  platforms,  ladders,  etc) 
Lower  Unit 

Damage  to  brackets,  tilt /trim? 

Foreign  material  trapped  in  water  intakes? 


Propeller 

Propeller  bent,  nicked,  pieces  missing, 
burn  marks,  or  paint  transfers  noted? 


cavitation 


Skeg  bent,  nicked,  pieces  missing,  or  paint 
transfers  noted? 

Windshield  Frame  and  windshield 
Instrument  console  (check  for  needle  slap) 

Steering  wheel 
Passenger  dash  area 
Passenger  windshield 
All  seats 

shifted,  damaged,  seat  backs  bent  or  warped. 
Storage  compartments 
Engine  compartment 
Engine  mounts  shifted? 

Is  there  a  batter  box?  Was  battery  strapped  down? 
Battery  and  box  moved  or  shifted? 

Fuel  tanks  shifted? 

Under  carpet  near  damaged  hull  areas 
Hull  and  Deck  Cap 
Rub  Rail 

Engine  Cowling  (Outboards) 

Engine  cover  (I/Os  and  inboards) 

Speedometer  transducer  (pitot  tube)  or  other  externally 
mounted  fittings 

Thru-hull  fittings  ^  •  v,  n 

Window  frames,  perimeters  of  portholes  for  in  hull 

mounted  windows,  check  to  see  if  window  frames  are  still 

against  the  hull  from  outside 

Throttle  handle 

Gearshift  lever 

Throttle  cable 

Steering  cable 

Auxiliary  equipment  damaged?  (Depth  finders,  mirrors, 
trolling  motor,  boarding  ladder,  etc.) 

Is  steering  still  connected  and  free  moving^? 

Position  or  presence  of  outboard  or  stern  drive  trim  tab. 
Trim  position  of  outboard  or  stern  drive 

BOAT  DATA  CHECKLIST 


Boat  Description 

Boat  Model  and  Manufacturer 

Type  of  Boat  (canoe,  motorboat,  sailboat,  etc) 

Type  Engine  (I/O,  outboard,  etc) 

Hull  Material 

HIN  .  ^  ^ 

Year  Model  of  Boat  (and  possibly  of  propulsion  system) 

Sleeping  Accommodations? 


10-18 


Number  and  type  of  layers  of  fiberglass  at  damaged 
locations 

Boat  Dimensions 
LOA 
Beam 

Number  of  feet  that  max  beam  is  from  transom 
Gunwale  height  at  max  beam 
Transom  width 

Transom  depth  (measure  parallel  to  transom  and 
perpendicular  to  boat  bottom) 

Engine  and  Outdrive  Data 
Number  of  engines 
Engine  Manufacturer 

Engine  size  (cubic  inches  and  number  of  cylinders) 

Engine  HP  rating 

Engine  SN 

Type  of  Fuel  Used 

Power  Trim  and  Tilt?  (Trim  is  the  first  20  degrees,  tilt 
includes  angles  greater  than  20  degrees) 

Type  Steering 
Propeller  Diameter 

Propeller  Pitch,  number  of  blades,  material 
Trim  Tabs  on  boat? 

For  outboards  -  tilt  pin  location 

Controls  Information 

Throttle  position 
Gearshift  position 
Steering  wheel  orientation 
Type  of  steering  system 

Steering  system  damaged?  still  connected? 

(A  disconnect  at  link  rod  is  fairly  common  when  self¬ 
locking  nut  is  mistakenly  replaced  with  common  non-self¬ 
locking  nut) 

Throttle  cable  damaged? 

Gearshift  functional? 

Does  propeller  rotate  when  trying  to  shift  in  reverse? 

Capacity  Plate  Information 

USCG  Capacity  Plate  present? 

Persons  Capacity 
Weight  Capacity 

Weight  (persons,  motor  and  gear  for  outboards) 

Weight  (persons  and  gear  for  I/Os  and  inboards) 

HP  Capacity  (outboards  only) 

Instruments  On  board.  Readings,  Manufacturer  or  Model  No. 
Speedometer 
Tachometer 
Fuel  Level 

Trim  -  for  outboard/ sterndrive 
Trim  -  for  boat  trim  tabs 
Temperature 
Volt  Meter 


10-19 


oil  Pressure 

Record  ^(photograph  and/or  video)  all  warning  decals,  or 
placards  found  throughout  the  boat 

Other  Instruments 

Depth  Finder 
Radio 

Navigation  equipment 

Record  and  Photograph  All  Switch  Positions 
blower 

navigation  lights 
bilge  pump 

other  instrumentation 

NAVIGATION  LIGHTS 

Are  required  navigation  lights  still  on  the  boat? 

Combination  bow  light 
Starboard  side  light 
Port  side  light 
Stern  light 
Masthead  light 
Other  lights 

Did  you  see  that  lights  were  on  when  you  arrived  at  the  scene? 
Record  witness  statements  regarding  lights  being  on 
Navigation  light  switch  position 

Visible  damage  to  exterior  of  lights  or  casings 

note:  do  not  operate  switches,  remove  bulbs  or 
at  scene.  Figure  10-1  is  a  copy  of  the  chapter 

examination  as  published  in  Boating  Accident  Investigation,  1993  by 
Underwriters  Laboratories  (Kirstein,  Loeser,  Morey) .Refer  t 
Figure  10-1  for  procedures  on  examining  navigation  lights. 


CIRCUMSTANTIAL  DATA 

The  following  data  may  be  relevant  from  the  standpoint  of 
establishing  the  circumstances  involving  an  accident.  y 

these  parameters  will  not  apply  to  all  acciden  s. 

Fuel  tank  capacity 
Approximate  actual  fuel  level 
Was  boat  recently  serviced? 

If  so,  what  service  was  performed?  o 

Did  the  operator  have  any  training  or  boating  education. 

Did  the  operator  know  the  rules  of  the  road. 

Did  the  operator  see  the  other  vessel  prior  to  impact. 

Of  his  boat's  speed?  of  the  other 

b03t ^ s  spGsd? 

Does  the  operator  know  if  his  boat  was  on  plane,  below  planing 

speed,  or  somewhere  in  between?  what  about  the  other  boat. 
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thsrs  any  attempt  at  evasive  action? 

According  to  the  operator  of  either  boat? 

According  to  occupants  in  the  boat? 

According  to  witnesses  on  shore? 

According  to  witnesses  on  other  boats? 

Did  anyone  else  see  the  accident? 

Did  anyone  hear  the  accident? 

Was  there  an  abrupt  change  in  engine  noise?  (either  due 
change  in  throttle  setting,  or  cavitation/ventilation) 
Were  other  boats  nearby?  if  yes,  what  direction,  speed  were  they 
traveling?  any  passengers  on  board  that  saw  anything? 


10.4  The  Investigator's  Toolbox 


During  our  field  investigations,  we  made  every  effort  to 
employ  tools  or  techniques  which  would  be  available  to  the  average 
investigator.  Expensive  and  sophisticated  equipment  was  avoided. 
By  far  the  most  expensive  and  complex  piece  of  gear  we  used  was  a 
camera,  and  occasionally  a  video  camera.  Our  equipment  list  was 
^^^^her  limited  to  what  was  small  enough  to  fit  into  a  travel  bag 
and  would  be  permitted  on  an  airplane.  We  quickly  learned  what 
tools  the  airport  security  guards  frowned  upon  rather  seriously. 
Thus,  we  found  that  with  only  a  handful  of  the  right  tools,  we 
could  gather  all  of  the  required  documentation. 


A  good  toolkit  should  contain  the  following  items: 

1 .  camera 

2.  plenty  of  film  (plan  on  at  least  two  rolls  per  boat) 

(at  least  some  400  or  higher  speed  film) 

3 .  extra  batteries  for  camera 

4.  two  50  or  100  ft.  tape  measures 

5.  two  short  tape  measures  (8  to  12  feet) 

6.  two  large  rolls  of  1/2  inch  masking  tape 

7 .  twelve  inch  ruler  with  clear  markings 

8.  two  rolls  of  colored  tape  (probably  black) 

9.  one  dozen  small  plastic  bags  (evidence  bags) 

10.  inclinometer 

11.  portable  stadia  rod  (at  least  6  ft  long) 

12.  colored  water  soluble  markers  (at  least  black  and  white) 

13.  50  index  cards  (3  by  5  inch  or  self  adhesive  note  pad) 

14.  silly  putty  or  equivalent 

15.  accident  forms,  accident  checklist,  required  paperwork 

16.  full  size  notepad  of  graph  paper  (8  1/2  by  11  inches) 

17.  small  pocket  note  pad  (about  4  x  6  or  3  x  5) 

18.  pens  and  pencils  (black  and  red  felt  markers) 

19.  right  triangle  (30-60-90  or  45-45-90) 

20.  flexible  curve 

21.  plumb  bob  and  reel 

22.  protractor 

23.  flashlight 

24.  mutimeter  (volt-ohm  meter) 

25.  leather  work  gloves 

26.  safety  goggles  and  safety  shoes 
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The  following  items  are  considered  optional  but  may  prove 
beneficial: 

27.  Two  small  spring  scales  (0  to  25  lb  range) 

It-  dioJat^fre^ordSi^-  extra  cassettes,  batteries 
3^  one  roll  of  1/8  inch  or  1/16  inch  black  pinstripe  tape 
111  OnJ  roll  of  1/8  inch  or  1/16  inch  white  pinstripe  tape 

32.  screwdriver  set 

33.  hammer 

34.  pliers 

33.  inspection  mirror 

34.  compass 

35.  area  maps  covering  the  accident  site 
3  6 .  crowbar 

37.  saw 

38.  calipers  or  micrometer 

4^.  "magnet^icheck  tor  stainless  steel  or  aluminum  vs. 
ferritic  steels) 

A  few  items  are  worthy  of  explanation.  The  portable  stadia 

had'’the  unusual  “ai?  lu?vey“suppS  i^o^es 

5??i“S;?rf  s^ch  eSS-n^!°"inrrv;d-to''K='a  very''useful  item. 

The  inclinometer  ( item  10)  /-JJ“t"’ioT"La°surtnTthI 

deld?!serd  traT,“om  rngle\^"and  angles  of  other  hull  -^ces.  It 
oSn  alio  be  used  to  determine  if  a  boat  is  sitting  level,  either 
fore  and  aft,  or  side  to  side. 

A  flexible  curve  (item  20)  is  an  interesting 

incredibly  useful  lor  making  drawings  of  boat  hulls-  lb  i® 
irCches  ll^lg,  and  can  be  thought  of  as  a  flexible  ruler.  It  will 

iLy  il  loS!y  Whatever  shape  it  ^1"  laSig 

SlllSte“on"sTte  llaw^g^  rLlat“l“  Trele  dev^cerifl  ul-ually  bl 

film  Iftice  supply  houses  that  sell  drafting  supplies. 

A  plumb  bob  is  familiar  to  most  people.  It  is  nothing  more 
lllIrlir/rarliLSs'.  "^oVirmpr,  overall 

^;if  Ini;  g^riTd  ^r^otVy  iiieiirthrioS^if  “^h;  bt.;°  ^t  r  si 

Sllell  cal  bUepeated  for  the  stern.  The  length  of  the  boat  is 
determined  by  simply  measuring  along  the  ground  from  one  spot 
III  This  process  can  be  used  to  obtain  other  dimensions  that 

lalnit  be  measured  directly.  Reels  containing  string  on  a  self 
retracting  spool  are  available  for  use  with  plumb  bobs  and  are  well 
mil  ir/ew  dollars  they  cost.  The  -el  will  keep  your  string 
from  becoming  entangled  in  the  rest  of  your  tool  box.  reel  will 

also  keep  you  from  spending  your  afternoon  untying  knots  in  your 
llllb  bib  string  whilS  you  need  to  be  recording  accident  data.  Once 
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again,  plumb  bobs  and  reels  are  available  at  stores  that  sell 
survey  supplies. 

Work  gloves  and  safety  goggles  are  essential  equipment*  You 
may  need  to  crawl  into  a  damaged  compartment,  or  crawl  underneath 
a  boat  on  a  trailer  to  record  critical  data.  In  these  situations, 
safety  goggles  are  a  must.  Work  gloves  are  also  essential  when 
working  with  badly  damaged  boats.  Fiberglass  splinters  and  glass 
fibers  easily  work  their  way  into  the  skin  and  can  be  quite 
painful.  Safety  shoes  with  thick  tough  soles  are  also  a  must. 
Boats  involved  in  collisions  usually  have  an  abundance  of  broken 
glass  scattered  all  over  everything  you  want  to  examine  and  every 
surface  you  need  to  walk  on. 

A  damage  grid  is  a  concept  borrowed  from  the  automobile 
accident  reconstruction  community.  It  is  typically  a  clear  piece 
of  material  with  grid  lines  of  known  spacings  marked  on  the 
surface.  It  can  be  made  from  a  clear  piece  of  acrylic  or 
plexiglass,  or  it  can  be  made  from  a  tough  non-stretching  flexible 
clear  plastic.  Since  ours  had  to  fold  up  and  travel  on  an 
airplane,  we  used  a  piece  of  thick  sheet  plastic  about  two  feet  by 
eight  feet.  White  and  black  tape  was  used  to  form  the  grid  lines 
at  known  intervals  of  12  inches.  The  purpose  of  a  damage  grid  is 
to  assist  in  the  documentation  of  large  complex  damage  patterns. 
The  grid  is  placed  in  front  of  a  damaged  area,  and  then  photographs 
are  made.  The  material  must  be  transparent  so  as  not  to  interfere 
with  the  object  photographed.  The  damage  grid  will  provide  a 
series  of  reference  lines  a  known  distance  apart  that  will  firmly 
establish  the  scale  of  the  area  involved.  Scale  drawings,  models, 
or  other  re-creations  of  the  damaged  area  may  then  be  constructed 
much  more  easily  by  using  a  photos  where  damage  grid  was  used. 

The  chalk  line  may  be  useful  for  creating  a  straight  fixed 
reference  line  on  a  large  boat  with  few  natural  reference  surfaces 
from  which  to  measure. 


10.5  The  Accident  Scene 

10.5.1  Importance  of  the  Accident  Scene 

The  accident  scene  may  play  an  important  role  when 
reconstructing  an  accident.  Its  importance  should  at  least  be 
considered.  Understanding  the  area  in  which  an  accident  occurred 
can  help  to  provide  insight  into  the  overall  sequence  of  events 
leading  up  to  an  accident.  For  example,  two  boats  which  collided 
head-on  near  a  peninsula  may  not  have  been  able  to  see  each  other 
in  time  if  they  each  came  around  opposite  sides  simultaneously.  It 
is  important  to  draw  a  scale  diagram  of  the  accident  scene  area. 
Area  maps  can  be  utilized  as  the  basis  for  constructing  scene 
diagrams.  Keep  in  mind  that  various  marine  templates  are  available 
which  contain  common  boat  shapes  and  many  marine  symbols  that  may 
help  to  construct  scene  diagrams. 
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The  accident  scene  is  important  in  CWFXO  and  CWFLO  accidents 
because  it  can  be  valuable  to  examine  the  object  struck.  In  the 
caS^wheL  a  submerged  or  barely  visible  object  was  struck  the 
object  should  at  least  be  marked  so  future  accidents  can 
avoided.  It  is  also  possible  that  by  assessing  damage  to  the 
struck  object,  additional  information  regarding  relative  speed  and 
severity  of  impact  can  be  determined.  In  CWAV  accidents,  the  big 
question  is  how  does  one  go  about  deteralning  "here  the 
site  was?  After  all,  you  really  cannot  locate  the  skid  marks  on 

the  water  1 

Locating  an  accident  scene  may  be  important 
the  evidence^  needed  for  a  reconstruction  may  be  on  the  bottom 
SJectly  unLrneath  the  impact  site.  Large  hull  sections  and 
oicJSlonaUY  an  entire  boat,  will  be  sunk  after  an 
Locating  the  missing  pieces  may  provide  critical  data  ho  assist 
with  the  reconstruction.  In  an  over— ride  ^  acciden  , 
section  of  the  target  boat  which  suffered  the  initial  impact  may  be 

lying  on  the  bottom. 


10.5.2  Methods  for  Locating  an  Accident  Site  for  CWAV 

This  is  one  area  where  witnesses  can  be  valuable.  Without 
witness  statements,  it  may  be  impossible  to  ^ ^ 

an  accident  took  place.  Even  without  witness  statements,  a  few 
Som^on  sense  guide-lines  may  help..  We  will  briefly  — iz.  a  few 
techniques  used  by  various  investigators  in  the  past 
successfully  locate  an  accident  site. 

After  a  collision,  varying  amounts  of  debris  are  usually 
floating  in  the  water  nearby.  This  debris  will  be 
from  the  accident  site  by  wind  and  currents.  One  ^ 

estimating  the  location  of  the  accident  site  is  summarized  below. 

The  Floating  Debris  Method  for  Impact  Site  Determination 

1.  When  you  arrive  in  the  accident  area,  look  for  floating 

2.  Record  the  time  when  the  debris  is  spotted. 

3.  Calculate  the  time  which  has  elapsed  since  the  accident 
occurred.  This  is  how  long  the  debris  has 

4.  Note  the  current  direction  and  speed  at  which  the  debris 

is  drifting.  .  . 

5  Record  how  far  the  debris  moves  in  a  given  time  interval, 
such  as  ten  minutes  or  longer  depending  on  how  fast  the 
debris  is  moving.  Obviously,  this  step  will  require  some 
ingenuity.  One  possible  method  is  to  anchor  your  boat 
ahead  of  some  drifting  debris  and  measure  the  time  for 
the  debris  to  travel  the  known  length  of  your  hull. 

6.  Assuming  that  the  debris  has  been  moving  at  a  constant 
speed  and  direction  since  the  accident  occurred,  estimate 
the  distance  the  debris  was  from  the  accident  site  when 
you  located  it. 
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Travel  in  the  direction  opposite  that  which  the  debris 
was  drifting  for  the  distance  calculated  in  step  6. 

You  should  now  be  in  the  approximate  area  of  impact. 


auirk^$%ho°^^  method  is  subject  to  many  errors  and  variables.  The 
suooe^J J  ^"^^stigator  arrives  on  the  scene,  the  more  likely  the 

?esu??s  probably  give  meaningful 

long^^  within  the  first  few  hours  after  an  accident,  if  that 


/-^e  method  for  locating  the  accident  site  requires  the  use 
+-  V.  ^  ^  sensitive  depth  finders  to  look  for  large  debris.  This 
=  effectively  to  locate  sunken  boats  after  an 

locate  debris  is  also  an  alternative;  however, 
more  often  than  not,  the  limited  visibility  in  most  lakes  and 
rivers  prevents  it  from  being  practical. 


worth  mentioning  that  many  investigators  have  commented 
a  even  in  lakes  and  streams  with  relatively  strong  currents, 
most  sinking  debris  seems  to  settle  directly  beneath  the  impact 
point.  The  debris  field  is  commonly  found  within  an  area  of  a 
radius  not  more  than  two  times  the  water  depth. 

10.6  Practical  Photography 


Photographs  provide  an  important  part  of  the  documentation  of 
an  accident.  Photographs  must  be  taken  properly,  or  their  value  is 
greatly  reduced.  We  have  already  discussed  what  to  look  for  and 
Where  to  find  it.  Now  it  is  time  to  focus  on  how  to  photograph  it 
so  that  after  the  photographs  are  developed,  you  will  still  know 
what  you  are  looking  at! 

Instead  of  teaching  basic  photography,  we  will  concentrate  on 
echniques  which  were  developed  to  enhance  the  value  of  the 
photographs  taken.  These  guidelines  were  developed  during  the 
field  investigations  we  conducted. 

1.  Always  include  a  measuring  reference  in  each  photograph. 
Judging  distances  and  lengths  of  objects  in  photographs 
IS  subjective  unless  a  scale  is  visible  in  the 
photograph.  The  scale  may  be  a  ruler,  a  tape  measure, 
damage  grid,  or  portable  stadia  rod. 

2.  Make  sure  that  the  orientation  of  the  photo  is  clear.  It 
can  be  difficult  when  taking  a  close  up  photograph  to 
know  which  direction  is  up  or  which  direction  is  forward. 
Every  photo  that  does  not  include  enough  of  the  overall 
view  of  the  boat  to  determine  the  orientation  of  the 
photograph  must  include  some  type  of  orientation 
notation.  An  orientation  mark  may  be  an  arrow  with  an  F 
(for  forward)  written  in  magic  marker  in  the  area  being 
photographed.  It  may  also  appear  on  an  index  card  taped 
to  the  surface,  or  on  a  self  sticking  page  from  a 
notepad.  Notations  as  to  the  forward  or  aft  direction. 
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port  or  starboard  direction,  or  even  up  and  down 
directions  should  be  indicated  as  appropriate. 

Always  know  where  on  the  boat  the  photographed  area  is 
listed  This  applies  to  close  ups  - 

where  the  location  needs  to  be  clearly  specified.  A 
least  two  measurements  are  usually  required 
a  location.  The  longitudinal  and  lateral  coordinates  of 
?he  a^eHre  require^  and  must  be  referenced  to  a  known 
location.  By  this  we  mean  that  referenced  locations 
should  be  carefully  chosen  and  should  be  fixed  points 
which  can  bi  easi J  measured.  For  example,  a  gouge  in 
thrsidS  oi  the  hull  Bay  be  marked  ae  being  96  inches 
from  the  stern  and  14  inches  beneath  the  center  of  the 
rub  rail.  As  long  as  you  have  measurements 
where  the  rub  rail  and  the  stern  are  located,  these 
measurements  will  positively  document  the 

Photographed.  It  should  be  noted  that  for  some  a^^eas,  a 
vertical  reference  measurement  may  also  be  required, 
several  methods  exist  for  documenting  the  coordinates  of 
a  photograph.  The  point  being  Ph°^°9raphed  can  be 
assigned  a  number  or  letter  for  reference,  which  should 
be  visible  in  the  photograph.  The 

assigned  can  then  be  shown  on  a  diagram  of  the  boat  s 

damage.  It  is  also  V'aned^to  the 

coordinates  down  using  either  index  cards  ^ 

hull,  self  adhesive  note  paper,  or  washable  magic  marker . 
If  the  latter  method  is  used,  the  coordinates  should  be 
visible  and  legible  in  the  photograph.  Drawing  a  diagram 
with  the  coordinates  of  each  photograph  or  designated 
area  noted  is  useful,  especially  if  e  a 

your  photographs  do  not  develop  properly.  J 

diagram,  you  still  have  enough  information  to  possibly 

reconstruct  an  accident. 

Do  not  use  a  wide  angle  lens  if  you  intend  to  scale 
distances  from  a  photo.  Wide  angle 

field  of  view  to  the  point  where  making  scaled 
measurements  from  a  photo  is  not  possible. 

Take  photographs  at  right  angles  to  the  surface  when 
possible.  This  makes  scaling  distances  from  striations  o 
other  parts  of  the  photo  much  easier  and  more  accurate. 

If  a  damage  grid  is  used,  take  photographs  of ^^he  area 
both  with  and  without  the  damage  grid 
Depending  upon  the  material  chosen  for  a  damage  grid, 
dSSls  ^of  "^the  damage  may  be  slightly  obscured  when 
viewed  on  a  photograph.  When  taking  photos  of  the  area 
without  a  damage  grid,  a  scale  of  reference  should  still 

be  used. 

Highlight  striations  that  are  too  light  to  show  up  in_a 
photo.  Use  the  techniques  discussed  in  section  10 . 3 . 1  to 
make  sure  that  striations  are  visible  in  the  photograp  . 
If  there  is  doubt  regarding  their  visibility,  photos  can 


10-26 


without  enhancement  first,  followed  by  photos 
with  the  striations  enhanced. 

8.  Be  sure  to  label  rolls  of  film  immediately  upon  removal 
from  your  camera! 

9.  Try  to  plan  your  photos  so  that  photos  of  only  one  boat, 
or  one  mam  subject  are  on  each  roll.  if  you  have  a 
series  of  close  up  photographs  of  both  boats  on  the  same 
roil  of  film,  the  chances  of  getting  the  photos  mixed  up 
are  greater  than  if  only  one  boat  is  on  each  roll. 

10.  If  you  are  about  to  disturb  something,  be  sure  to 
photograph  it  before  you  move  it. 

11.  You  may  want  to  consider  taking  a  photo  with  and  without 

the  same  shot  with  and  without  a  flash 
often  brings  out  some  detail  with  one  method  more  so  than 
the  other. 

12.  Consider  using  a  camera  which  prints  the  date  on  the 
photograph . 

situation  particular 

fnJ™  following  these  guidelines  will  help  to  make  the 

information  in  the  photographs  much  more  valuable  when  conducting 

proper  photos  combined  with  appropriate 
damage  diagrams  provide  excellent  documentation  of  the  damage  on  a 


10.7  Damage  Matching 

leaves  damage  behind  on  the 
indicates  which  parts  of  the  boats  were  in 
contact.  The  damage  done  to  a  certain  area  of  a  boat  looks  the  way 
It  does  because  of  the  shape,  hardness,  and  other  characteristics 
of  the  object  which  struck  that  area.  It  is  often  possible  to 
determine  what  particular  object  or  area  of  another  vessel  created 

As  an  example,  a  series  of  parallel  cuts  in  a 
®  indication  that  the  propeller  of  another 

passed  through  that  area.  Unique  striation  marks,  imprints, 
transfers  often  reveal  the  specific  object  which 
srruck  that  area.  Determining  what  object  or  which  specific  part 
matching^^  created  a  certain  damage  pattern  is  called  damage 

Damage  matching  is  important  because  it  helps  to  determine  the 
5  +.^1°^  of  the  two  boats  while  they  were  in  contact  during  some 
part  of  the  collision  process.  Techniques  for  damage  matching  vary 
depending  upon  the  particular  damage  being  analyzed.  Types  of 
amage  that  usually  lend  themselves  to  being  successful  candidates 
or  damage  matching  usually  have  certain  characteristics.  When 
attempting  to  locate  damaged  areas  where  damage  matching  should  be 
attempted,  look  for  these  signs: 
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are  not  found  on  other  parts  of  the  boa  . 
b.  Deep  parallel  -"es  - 

Specific  object. 

ZiFi 

which  created  these  marks. 

H  Tmorints  -  Imprints  may  be  hard  to  recognize,  and 
oncS  5!oLted,  it  can  be  difficult  to  determine  the 
obiect  responsible  for  the  imprint.  Many  imprints 
ari  only  partial  in  nature,  and  have  the  outline  of 
an  obiect^ only  on  the  leading  edge  of  the  imprint. 

?he  Sailing  edge  of  the  imprint  may  be  smears  and 
sSiSSns.^  Even  these  patterns  make  good 
candidates  for  damage  matching. 

..  Dents  or  Benas  1"  /.^rS^rfa'ce  “ont^ln^dSti; 

if  fhe  orooeller  struck  a  metal  object.  If  th  p  p 
iL  constructed  of  stainless  steel,  .ost  or  all  of  the 
Lmage  Bay  be  on  the  struck  surface,  even  if  the  struck 

surface  is  metal. 

Many  examples  of  “^^rvrral^tSchnlquircan  as’Lfs/^ 

accident  reports  in  chapter  1  •  match  a  fairly  small  damage 

damage  matching  When  attemp^^^  ^fu?  to  maje^  full  scale 
pattern  to  an  object,  it  a  transoarency  could  be 

diagram  of  the  ^^^tiSn^  and  the  striations  or  gouge 

laid  over  a  series  of  °  '  j-encv  in  hand,  the  other 

ToS^^an  °bSSSareT-foSan'  o^^SnS^^g^  .ave  'made  those 

marks . 

dent  "n^r-Utar  err^fat^^nS 

locate  an  object  the  approximate  shape  of  the  p  y  ^  to 

:aSl"p\r\\ret^ra\t“‘^fa?ertnr“dLt^^^^^  several  options 
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are  available.  Plaster  of  par is  can  be  used  to  make  a  cast.  Some 
success  has  been  reported  with  using  dentist's  clay.  This  is  the 
"that  dentist  use  to  make  molds  of  an  individuals  teeth  for 

study.  The  detail  retained  by  this  technique  has  been  reported  to 
be  excellent. 


A  scale  damage  diagram  can  be  helpful  in  evaluating  the 
feasibility  that  an  object  could  or  could  not  have  struck  the  area 
in  question.  Examples  of  such  diagrams  are  found  in  Chapter  13. 


10.8  Procedures  For  Documenting  Damage  On  A  Boat 


Arriving  on  the  scene  of  a  bad  collision  can  be  an  humbling 
experience.  In  a  CWAV  accident,  the  struck  boat  may  be  so  mangled 
that  one  hardly  knows  where  to  start.  Following  established 
guidelines  in  such  situations  will  help  to  minimize  the  chances  of 
losing  valuable  evidence  and  will  make  the  most  of  the  time 
available  for  documenting  the  accident  data. 

The  guidelines  presented  in  this  section  are  intended  for 
severe  accidents  where  a  reconstruction  is  definitely  going  to  be 
needed.  These  procedures  are  extensive,  and  may  require  quite  some 
time  to  complete.  Two  investigators  working  together  may  be  able 
to  complete  the  task  presented  in  only  a  few  hours. 

What  is  the  goal  of  the  ultimate  documentation  procedures?  If 
damage  and  critical  items  were  documented  perfectly,  we  would  have 
sufficient  information  to  construct  an  accurate  three  dimensional 
scale  model  with  all  the  key  damage  points  in  the  correct  places. 
We  could  construct  perfectly  accurate  diagrams  to  scale  containing 
dimensions  and  damage  locations.  In  short,  we  would  have 
everything  we  needed  to  begin  to  conduct  a  reconstruction  of  an 
accident.  When  critical  damage  is  documented,  it  should  be  done  so 
precisely  that  the  same  spot  could  be  located  on  an  identical  boat 
with  near  perfect  accuracy. 


10.8.1  First  Steps-  At  Scene  Guidelines 

Once  critical  responsibilities  related  to  life  and  safety  are 
addressed,  the  job  of  documenting  the  accident  may  begin.  The 
fi^st  step  toward  documenting  data  at  the  scene  is  to  get  an 
initial  set  of  photographs  as  soon  as  possible  before  anything  is 
disturbed.  If  everything  is  already  disturbed,  go  ahead  and  take 
photographs  so  that  you  at  least  have  a  record  of  how  things 
appeared  as  soon  as  you  arrived  on  the  scene.  If  the  boats  are 
still  in  the  water,  go  ahead  and  take  photographs.  Even  if  it  is 
dark  and  you  are  not  sure  that  your  photographs  will  come  out,  go 
ahead  and  take  some  of  the  initial  scene. 

This  initial  set  of  photographs  will  vary  depending  upon  the 
situation  at  hand.  Below  is  a  short  list  of  items  to  cover: 
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-  The  accident  scene  as  you  find  . 

-  Both  boats,  or  the  boat  and  the  object  struck 
—  Photos  of  the  boats  should  include. 

-  overall  views 

-  victim  locations 

-  anv  debris  on  shore  or  found  nearby 

-steering  wheel,  instruments ,  and  other  items  as 
appropriate  on  the  checklist  in  section  . 

-  navigation  lights  (for  night  time  accidents) 

-  location  of  throttle/shift  levers  and  linkages 

-  location  of  engine  trim  or  boat  trim  tabs 

The  primary  purpose  of  the  initial  set  of  photos  is  to 
docuBsn?  how  things  are  as  you  found  then.  data  wUl  ”ost 

likelv  be  the  data  documented  closest  to  the  time  of  the  accid  , 
giving  it  more  credibility  than  photos  taken  several  days  later. 

It  is  usually  advisable  to  take  the  very  first  photographs 
before  disturbing^ anything.  Thus,  these  photographs  will  not 

contain  a  fixed  scale  reference.  Even  placing  rulers,  tape 
measures  or  other  instruments  on  a  boat  may  leave  questions  in 
other's  minds  as  to  whether  the  accident  scene  had  been  disturbed 
Sv  the  investigator  before  the  photographs  were  taken. 
PMlosophiis  differ  on  this  point,  and  you  might  find  it  acceptable 
in  vour  situation  to  proceed  with  placing  scale  references  in  th 
desired  areas  before  the  first  photographs  are  taken.  This  may  be 
esneciallv  true  if  you  have  limited  time,  film,  or  daylight  left  in 
wHSh  to  Lrkl  Remember  that  photos  without  scale  f 

not  usually  as  valuable  when  constructing  diagrams  and  conducting 
S  reconstruction  later.  It  the  initial  photos  are  taken  without 
scale  references,  it  is  generally  desirable  to  repeat  ^ 

critical  photos  at  the  scene  with  the  scale  references  in  place. 
?^v  to  document  items  that  may  help  to  distinguish  collision  damage 
Sm  Rescue  or  salvage  damage.  Are  both  boats  just  pulled  up  onto 
rSoncS?ro?  gravel  boat  ramp?  If  so,  then  be  sure  your  initial 
ohotos  Jhow  this.  Photograph  the  area  where  the  boats  are  sitting, 
and  show  the  marks  left  in  the  ground  where  the  boats  ^  "P 

onto  the  shore.  Boats  which  have  been  beached  should  haye 
StriaWon  narks  on  the  hull  bottom.  Of  course  you  must  keep  in 
mind  that  many  recreational  boats  are  beached  as  a  routine  “hnner 
Tn;:^v  have  hulls  full  of  scratches  not  relating  to  the  acciden  . 
Keeping  records  of  all  activities  that  involved  the  boat  following 
the^  accident  will  help  you  separate  accident  damage  from  boat 

recovery  damage. 


10.8.2  Boat  Preparation 

once  the  initial  photos  are  completed  which  show  clearly  all 
the  critical  information  as  you  first  found  it,  you  ^ 

more  detailed  documentation  procedures.  Before  we  can  *3? 
we  must  prepare  the  boat  to  maximize  the  data  we  can  easily  obtain 
from  our  documentation  procedures.  The  following  steps 
set  of  common  preparation  procedures  that  will  make  it  easier  to 

record  data  from  the  boat. 
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Place  the  boat  in  a  good  location— 

Try  to  have  the  boat  in  a  location  with  good  light,  on  a 
level  surface,  and  preferably  on  a  trailer  or  cradle. 
(Not  sitting  on  the  ground)  .  Use  your  inclinometer  to  be 
sure  that  the  boat  is  level  on  the  trailer,  and  that  the 
horizontal  longitudinal  centerline  of  the  boat  is 
parallel  with  the  ground. 

Establish  a  horizontal  reference  line- 

Take  a  long  tape  measure  (preferably  a  wide  one  with 
large  numbers)  and  place  it  along  the  top  edge  of  the  rub 
rail  of  the  boat  so  that  the  zero  is  in  line  with  the  aft 
corner  where  the  transom  meets  the  hull  side.  Note  that 
tape  measure  may  be  placed  along  a  deck,  or  along  a 
horizontal  reference  such  as  the  waterline,  or  a  chalk 
line  you  created.  The  tape  measure  should  follow  a 
horizontal  reference  line  from  bow  to  stern.  For  some 
boats  the  rub  rail  may  serve  as  an  adequate  reference 
point,  though  rub  rails  are  not  always  in  a  straight  line 
horizontal.  For  sake  of  illustration,  we  will  assume 
for  the  rest  of  this  exercise  that  we  have  a  boat  with  a 
horizontal  rub  rail. 


Enhance  the  visibility  of  the  horizontal  reference  line- 
Place  tape  of  a  contrasting  color  of  a  known  length 
(probably  12  inches  or  24  inches)  vertically  every  two 
feet  along  your  horizontal  tape  measure.  The  tape  will 
show  up  well  even  when  you  no  longer  can  read  the  numbers 
on  the  tape  measure.  The  tape  can  also  be  used  to  hold 
the  tape  measure  in  place. 

Repeat  steps  2  and  3  for  the  opposite  side  of  the  boat- 
You  should  do  this  even  if  the  opposite  side  of  the  boat 
is  not  damaged.  You  may  wish  to  know  how  far  something 
is  from  the  front  on  one  side  that  is  missing  on  the 
other  completely.  For  example,  if  you  know  that  the 
handrail  next  to  the  passengers  seat  was  struck  by  the 
bow  of  the  boat,  and  it  is  has  been  broken  from  its 
mounts,  the  handrail  on  the  other  side  of  the  boat  can 
serve  as  a  guide  as  to  where  the  broken  one  was  mounted. 

Establish  a  horizontal  reference  on  the  stern- 
Take  a  small  tape  measure  and  lay  it  along  the  top  edge 
of  the  rub  rail  across  the  stern.  The  zero  reference 
should  be  at  the  port  side,  placed  evenly  with  the  corner 
where  the  stern  meets  the  side  of  the  hull.  It  should 
also  meet  the  tape  measures  on  the  two  sides  of  the  hull. 
For  outboard  powered  boats,  it  may  be  necessary  to  place 
the  tape  measure  on  the  transom  even  with  the  lowest 
point  of  the  outboard  motor— well.  The  tape  should  be  run 
in  front  of  the  outboard  motor  and  be  placed  against  the 
transom  surface  to  the  extent  possible. 

Enhance  the  visibility  of  the  stern  reference— 

Repeat  step  3  for  the  stern.  The  tape  will  be  useful 
here  as  well.  Now  you  are  ready  to  start  recording  data. 
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Documenting  The  Boat  Data 


Once  the  boat  has  been  fitted  with  tape  measures 
reference  the  basic  hull  shape  must  be  documented.  After  the  hull 
rtaSis  documented,  then  details  regarding  damage  and  specific 
SSographs  can  be  made.  The  following  steps  picK  up  where  those 
in  the  previous  section  left  off. 


Obtain  the  critical  measurements  oj.  i.xit=  xwvwtxv.  .. 

dimensions-  .  _ ,  _ -  . . ^ 

The  diagram  in  Figure  10-2  contains  a  diagram  of  the 
dimensions  necessary  to  re-create  a  hull  shape  with 
reasonable  degree  of  accuracy.  Obtain  these  dimensions. 
If  the  boat  which  you  are  documenting  does  not  relate  to 
this  diagram,  create  your  own  list  of  required  dimensions 
that  will  be  necessary  for  you  to  create  accurate 
drawings  later . 

Create  the  overall  diagram-  .  , 

At  this  point,  if  time  permits,  it  is  best  to  go  ahead 
and  draw  a  scale  diagram  of  the  views  of  the  boat  which 
you  need  in  order  to  document  your  damage.  For  obvious 
reasons,  you  should  do  this  in  pencil.  Use  the  ruler, 
triangle  and  flexible  curve  to  draw  a  scale  diagram  on 
your  graph  paper.  Generally  you  will  want  a  top  view  and 
possibly  a  side  view.  Top  views  are  most  useful  for 
determining  impact  angles  in  over-ride  collisions.  y 

creating  the  drawings  while  you  are  with  the  boat,  you 
can  determine  any  additional  dimensions  needed  to 

complete  your  diagram. 

Take  photographs  of  damage-  4.  4-v„= 

in  most  cases,  the  best  procedure  is  to  start  at  the  bow 
on  the  outside  and  work  your  way  around  the  boat.  Once 
you  have  gone  all  the  way  around  the  perimeter,  you 
then  go  to  the  bottom  of  the  hull.  Finally,  go  to  the 
inside  of  the  boat  to  photograph  damage  there. 

Take  critical  photographs  containing  relevant 

information-  .  _ 

Use  the  checklist  in  section  10.3.4  to  remind  you  of 
areas  that  you  should  examine  and  consider  photographing. 
This  list  contains  many  items  that  do  not  neces^rily 
relate  to  damage.  You  should  at  least  look  at  the 
checklist  and  take  those  photos  which  apply  to  7°^^ 
situation.  Remember  to  use  the  procedures  discussed  in 
earlier  sections  of  the  chapter  when  taking  photographs. 
You  should  also  remember  that  it  can  be  just  as  important 
to  have  photographs  of  key  parts  of  a  boat  which  have  not 
been  damaged. 

Add  the  damage  observed  to  the  diagram-  4..  4-  • 

You  should  have  completed  the  sketch  of  the  boat  that  is 
approximately  to  scale,  and  recorded  basic  measurements 
that  document  the  hull  shape.  Now  it  is  time  to  add 


boat's 
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notes  to  the  diagram  in  the  appropriate  locations 
regarding  the  damage  found  on  the  boat.  Examples  of 
damage  diagrams  may  be  found  in  Chapter  13. 

Document  the  condition  of  navigation  lights- 
Obviously  this  applies  primarily  to  night  time  accidents. 
A  procedure  for  examining  the  condition  of  the  navigation 
lights  was  developed  for  the  Boating  Accident 
Investigation  Seminars,  sponsored  by  a  grant  from  the 
USCG.  These  procedures  are  contained  in  Figure  10-2,  and 
proyide  guidelines  required  to  help  determine  if  the 
navigation  lights  were  on  or  off  at  the  time  of  the 
accident.  Refer  to  the  list  of  references  for  additional 
information. 

Since  many  of  the  small  lamps  used  in  boat  navigation  lights 
are  of  similar  construction  to  those  used  in  certain  types  of 
automobile  lights  (except  for  headlights) ,  much  of  the  material 
developed  for  examination  of  lamps  used  in  automobiles  applies  to 
boat  navigation  lights  as  well.  The  reader  is  referred  to  The 
Accident  Investigation  Manual,  Volume  1,  which  contains  the 
best  information  we  have  located,  to  date,  on  this  subject. 
Additional  information  may  also  be  found  in  the  Marine  Accident 
Investigation  Manual,  which  was  developed  and  published  by 
Underwriters  Laboratories  under  a  USCG  sponsored  grant. 

Some  references  have  suggested  that  filament  deformation  when 
the  light  is  on  can  be  used  as  an  indication  of  the  direction  of 
impact.  Some  texts  on  auto  accident  reconstruction  recommend 
against  this  practice  as  they  have  found  that  the  filament  will 
react  to  local  accelerations  only,  which  may  be  misleading  when 
attempting  to  determine  angle  of  impacts.  The  filaments  may  also 
be  subject  to  shock  forces  of  rebound,  which  can  distort  the 
filament  in  directions  not  related  to  the  direction  of  impact.  In 
short,  it  is  acceptable  to  use  stretched  filaments  as  an  indication 
that  the  lamps  were  on  at  the  time  of  the  accident,  but  not  as  an 
indication  of  impact  direction. 


10.9  A  Few  Notes  On  Measurement  Techniques 

A  quick  review  of  the  suggested  dimensions  in  Figure  10-2  will 
raise  questions  in  the  mind  of  the  investigator  as  to  how  to  obtain 
some  of  those  measurements.  Many  measurements,  such  as  overall 
length,  beam,  and  others  are  best  made  by  using  a  plumb  bob  and  a 
tape  measure.  This  method  works  for  measuring  overall  lengths, 
distances  between  chines,  and  beam  dimensions.  Use  the  plumb  bob 
to  mark  a  spot  on  the  ground  directly  beneath  the  measuring  points. 
Then  use  a  tape  measure  to  determine  the  distance  between  the  two 
points  along  the  ground. 

The  tape  measures  placed  along  the  side  of  the  hull  at  the  rub 
rail  provide  an  accurate  and  quick  reference  as  to  how  far  an 
object  is  from  the  stern  for  most  of  the  length  of  the  boat.  When 
documenting  a  boat's  dimensions,  or  the  location  of  a  an  object. 
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.n.  photo  Should  Clearly  sp  ‘^;re"S-:rs^»sVp?orire  "I 
placed  next  to  the  rub  rail.  F  9  above  the  rub  rail, 

a  boat  with  the  tape  ^  olaced  two  feet  apart,  and  are 

Vertical  stripes  of  masking  ^  P  nl^ce  For  overall  views,  even 
used  to  hold  the  tape  measure  in  not  legible,  the 

though  the  numbers  on  the  serve  as  a  guide  for 

vertical  tape  stripes  ^  ^^lose  up  photos  of  damaged  areas 

estimating  distances.  When  taking  cl^ 

near  the  rub  rail,  °sition  can  be  easily  located  on 

recorded  in  the  photo  so  t  Kpainnina  of  the  tape  measure  is 

a  boat  damage  diagram.  tape  measure  can  be  used  to 

placed  at  the  stern,  the  numbers  on  th^e  tape  mea 

estimate  the  distance  the  ^^‘^^YnTard  the  tape  measure  no  longer 
When  the  bow  begins  to  AATcA  to  tL  SJrn ,  but  it  is  still 

reflects  an  accurate  boats  Even  so,  the  numbers  on  the 

a  good  approximation  for  most  boats. 

?ape  meaSure  should  still  be  recorded  for  reference. 

The  following  illustrates  Tboa? 

forward  part  of  A^P®  ®the  boat^  The  distances  on  the  tape 
to  a  scale  damage  diagr  boat  can  be  useful  because  they  can 

measure  near  the  front  of  ^Jfth  re^Jonable  accuracy.  Be 

be  placed  on  a  boat  damage  ^  ^  e  measure  where  it 

sure  that  you  record  the  °boat  Figure  13-65  shows  the 

reaches  the  forward  most  part  '  boat.  The  tape 

tape  measure  in  P°|ition  ‘A®  forward  most  part  of  the 

measure  shows  20  feet,  A®.  whpn  constructing  a  scale  damage 

bow.  These  numbers  can  be  helpful  when  constructing 

diagram.  Draw  your  diagram  to  scale  of  the  top  vie^^  through  the 
making  certain  that  transom  width,  the  maximum  beam,  the 

proper  points.  Generally,  the  transom  wiarn 

Lam  at  the  chine  termination  (CT)  ,  ^"f°"JAll  be  adequate  to  draw 

way  between  the  CT  and  the  ible  curve  to  connect  these 

the  hull  curvature.  Use  flexible  curve^^^^^ 

points.  Now  place  the  curve  you  just  drew  that  represents 

and  it  lie  on  top  of  the  Markings  on  the  flexible 

the  perimeter  of  the  hull.  numbers  which  appeared  on 

curvf  Should  now  I-®  rwl"'';„"”rblarshown‘^?n  Figure 

S!6rthrsiriron\hrAe?rbfe^urve  should  correlate  with  the 
numbers  on  the  actual  tape  measure. 

vn.m  ^nrtlPs  can  be  important  when  drawing  diagrams 
Measuring  hull  ^*\9les  can  be  ^  P  angles  that  the 

from  the  front  view  ^  Refer  to  measurements  3F,  5B, 

hull  sides  are  clarification.  To  measure  these 

J^4i:-ith  ^a-cfiromlf.  Place  the^edgeof^the^  ^“"“un^mSt’e^fs 
paJaJlJei  w%'?rthTtra"ns"om"Tor  J*"e  TnThe'iS^lra? 

fe.r.u.ri  ~  2St.T..a*i'::.ss ..... .. 

the  boat. 

..  “rrASi"  's?.'..' w.  "s;ss 
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as  shown  in  the  figure, 
would  be  helpful. 


the  explanation  of  a  few  terms 


RRC:  rub  rail  center.  This  serves  as  a  common  reference  point 
for  many  measurements.  Measuring  from  the  center  of  the  rub  rail 
eliminates  the  guesswork  of  trying  to  remember  if  you  should  always 
measure  from  the  top  or  the  bottom  of  the  rub  rail. 

rail  is  not  essentially  straight,  then 
you  must  do  one  of  two  things.  You  can  either  take  measurements 
etween  the  rub  rail  and  the  horizontal  level  surface  that  the  boat 
IS  sitting  on  to  determine  the  curvature  of  the  rub  rail,  or  you 

can  use  a  chalk  line  to  create  another  reference  from  which  to 
measure . 


CT:  chine  termination.  On  most  boats,  if  you  follow  the 
chines  forward,  the  lines  of  the  chines  disappear  and  blend  into 
the  bow  a  short  distance  from  the  end  of  the  bow.  We  call  this 
chine  termination.  It  serves  as  a  useful  reference  point 

on  the  boat  from  which  to  make  the  measurements  shown  on  the 
diagram. 


SUGGESTED  DIMENSIONS  FOR  DOCUMENTING  A  BOAT  SHAPE 

(Figure  io-2) 

1:  Overall  length  not  including  appendages 

lA:  Measurement  of  the  extension  which  includes  the  bow 
pulpit 

IB:  Measurement  of  the  extension  which  includes  the  swim 
platform 

2 :  Transom  width  at  rub  rail 

3A:  Maximum  beam,  probably  occurs  between  opposite  RRCs 

3B.  Beam  at  the  chines,  measured  directly  below  the  maximum 
beam 

3C:  Distance  from  stern  where  maximum  beam  occurs 

Note:  For  some  boats,  such  as  bass  boats,  the  maximum  beam 

may  be  at  or  very  near  the  transom.  If  this  is  the  case,  the 
measurements  for  3A,  3B,  and  3C  will  be  very  near  the  stern.  If 
this  happens,  then  another  set  of  similar  measurements  should  be 

made  at  half  the  boat  length  to  help  complete  your  diagram  on  hull 
shape . 

3D:  RRC  to  chine,  useful  in  determining  the  chine  profile 

3E:  RRC  to  hull  bottom.  This  measurement  can  not  be  made 
directly .  One  method  is  to  obtain  this  dimension  is  by 
measuring  the  distance  from  the  RRC  to  the  ground,  and 
then  subtracting  the  distance  from  the  hull  bottom  (at 
the  center)  to  the  ground. 

3F:  The  angle  of  the  hull  sides  from  the  vertical.  Use  your 

clinometer  to  obtain  this  measurement. 
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4X:  Bow  to  CT  (distance  from  the  bow  to  the 

termination).  Again,  you  may  need  to  use  a  plumb  bob  and 
make  a  mark  on  the  ground  directly  beneath  each  point, 
then  measure  the  distance  between  these  points . 

4Y:  Beam  at  CT 

4Z:  Vertical  distance  from  RRC  to  CT 

4A:  Angle  at  the  CT  of  the  hull  side 

5X:  Distance  from  stern  to  the  Intermediate  Point  (IP) 

5Y:  Beam  at  IP  (usually  measured  at  rub  rail) 

5Z:  RRC  to  Chine  ^  ^  ^  ^ 

5A:  RRC  to  Hull  Bottom  (at  center)  Use  same  technique  as  tor 

3E.  .  .  ^ 

5B:  Hull  angle  at  point  5  (the  intermediate  point) 

5C:  Distance  between  chines  at  point  5  (the  intermediate 

point) 

The  Intermediate  Point  (IP)  on  a  boat  is  intended  to  provide 
a  set  of  measurements  approximately  half  way  between  the  maximum 
beam,  and  the  CT.  This  point  may  be  the  point  at  where  the  sides 
really  begin  to  turn  inward  toward  the  bow. 


One  method  for  determining  where  the  sides  begin  to  turn 
toward  the  bow  is  to  have  one  investigator  stand  near  the  transom 
and  sight  along  the  rub  rail.  Have  a  second  person  hold  an  object 
about  an  inch  wide  against  the  rub  rail,  beginning  at  the  maximum 
beam.  Have  the  second  person  slide  the  object  along  the  rub  rail 
forward.  The  investigator  at  the  rear  of  the  boat  should  signal 
when  the  object  disappears  from  view.  The  distance  that  the  object 
is  from  the  stern  when  the  object  disappeared  from  view  should  be 
recorded.  This  technique  is  designed  to  help  estimate  when  the  bow 
has  curved  in  a  certain  distance. 


6A:  RRC  to  chine  at  the  hull  side  aft  end 

6B;  RRC  to  hull  bottom  (use  technique  for  3E) 

6C:  Hull  bottom  to  skeg  bottom  (with  outdrive /outboard 

lowered  to  pre-impact  position,  and  possibly  fully 
lowered) 

6D:  Chine  to  chine  distance 

6E:  Hull  angle  at  transom  (deadrise) 

6F:  RRC  to  top  of  swim  platform 
6G:  RRC  to  top  of  deck  cap  at  stern 


(Even  though  not  on  this  list,  be  sure  to  record  propeller 
diameter  and  pitch.) 

7A:  Stern  to  leading  edge  of  windshield  (WS) ,  measured  at 

center  (single  or  dual  console  boats  with  no  center 
windshield  need  console  and  WS  locations  recorded) 

7B:  Stern  to  top  of  WS,  measured  at  center 

7C:  WS  top  to  RRC,  measured  at  center 

7D:  WS  top  to  RRC,  measured  at  side  frame 

7E:  Back  of  side  frame  of  WS  from  stern 

7F:  Bottom  of  WS  side  frame  to  RRC  at  forward  edge  of  WS 

7G:  Bottom  of  WS  side  frame  to  RRC  at  aft  edge  of  WS 


Note:  7C  is  a  tricky  measurement  and  is  important  if  the  top 
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surfaces  of  the  windshield  were  damaged  in  an  accident,  or  if  an 
over-ride  has  occurred  and  it  is  possible  that  the  other  boat 
]umped  over  these  surfaces.  The  measurement  can  be  made  with  a 

board,  a  level,  and  a  tape  measure.  Make  certain 
the  boat  is  level.  Place  the  rod  across  the  windshield's  highest 
point,  perpendicular  to  the  boat's  longitudinal  centerline.  Place 
a  level  on  top  of  the  rod  and  adjust  the  rod  until  it  is  level. 
Measure  from  the  RRC  to  the  bottom  of  the  rod.  You  may  wish  to  use 
a  plumb  bob  to  assist  in  the  last  step.  This  measurement  requires 
at  least  two  and  possibly  three  people  to  be  done  correctly! 

8A:  Deadrise  angle  at  the  bow,  measured  with  an  inclinometer, 
taken  at  the  CT. 

8B:  Transom  angle,  taken  at  the  center  of  the  stern  below  the 
RRC 

Additional  measurements:  Additional  measurements  will  need  to 
be  made  to  document  other  important  features  as  they  apply  to  the 
boat  being  examined.  This  diagram  is  intended  to  provide  you  with 
ideas  about  the  types  of  measurements  required  to  create  a  scale 
drawing  of  a  boat  hull  with  a  reasonable  degree  of  accuracy. 


10.10  Summary 

Once  the  procedures  in  the  previous  section  have  been 
completed,  the  photographs  should  be  developed  immediately. 
Ideally,  the  boats  should  be  retained  until  you  are  certain  that 
you  have  all  the  data  required  for  your  reconstruction. 


10-37 


CH.  14 /NAVIGATION  LIGHTS 

183 

CHAPTER  14 

navigation  LIftHTg 

investiQa'tt'rshoul^aTw'ryT^^^^^  conditions  of  poor  visibility,  the 

were  being  used  on  either  or  both  boats  IfTh^lahts  navigation  lights 

have  been  a  contributino  fartnr  were  functioning,  and  if  their  use  may 

investigated  somrcases  t  m.v  h"  be 

equipped  photometric  dark  tunnpi  \n  h  ^3''®  t^^®  i'alits  tested  in  a  properly 

Regulations  for  Preventina  rnir  •  determine  if  they  comply  with  the  "International 
sm°,l  P  ■  '^OMOTINST  M,6672.2B,  or,  fo, 

uudis,  me  American  Boat  and  Yacht  Counsel  Standard  No.  A1 6. 

1104.  In  most  instances  lahnratr.  I  conducted  in  accordance  with  ANSI/UL 

(ranpe  o,  viaibilHy,,  cur-o,;  arr^l^rd 

LIGHTS ^  navigation  light  examination  remember  one  fact  DO  NOT  TURN  THE 

turning  the  lights  oTwircausTihe  filam^n?toVl^^  '"T  ^ 

tne  filament  to  blow  -  destroying  critical  evidence! 

step-by^s^rp^casrrro^^^  investigations  must  be  systematic.  The  following 

Mep  oy  step  case  procedure  describes  a  proven  investigation  sequence. 

'  navigation  light  cast  procedure  nighttimf  collisions 

A.  Equipment  Npariarf 


'  accident  forms,  interview  forms,  accident  template,  pens 

Camera  -  Standard  lens,  black  and  white  or  color  film 
Cassette  recorder  and  cassettes 
4.  Multimeter  and  extension  lead 

Personal  Safety  Considerations  After  A  Collision 

1  •  Vessel  instability  after  collision 

2.  Hazards  from  vessel  recovery,  equipment  recovery 

4-  Possible  electrical  shorts,  battery  spills 

4.  Sharp  objects 


On  Scene  Procedure 


After  all  safety  concerns  and  other  official  duties  have  been  implemented 
II. e.,  securing  scene--do  not  allow  removal  of  any  evidence): 

1.  Locate  and  identify  all  occupants  and  witnesses  (tape  record 
interviews  if  possible). 


Name,  address,  phone  number. 


Figure  10-1  (page  1) 
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2.  interview  occupants  (use  tape  recorder). 


a. 

b. 

c. 

d. 


e. 

f. 


Record  narrative  of  events.  ^ 

Ask  about  navigation  lights  after  narrative  (don  t  lead  the 

witness).  u  u  . 

Determine  each  occupants  location  on  the  boat  p 
accident.  Include  their  locations  on  your  sketch.  Did  their 
locations  obstruct  the  navigation  light? 

Determine  what  portable  equipment  was  on  board  prior  to 
the  accident  and  determine  its  location  (i.e.,  cooler,  extra 
battery,  shotguns,  tackle  boxes,  etc.).  Inclu  e  t  eir 
locations  on  the  sketch. 

Determine  if  alcohol  or  drugs  were  involved.  This  may  have 
altered  the  witnesses  perception  of  the  lights. 

Record  the  occupant's  opinion  of  weather  conditions,  sea 
conditions,  time,  and  whether  or  not  any  land  masses,  tress 
or  lights  along  the  shore  affected  visibility  of  the  navigation 

lights. 


3.  Interview  witnesses 

a.  Determine  their  location  in  relation  to  the  accident.  Include 
on  sketch. 

b.  Determine  the  boats'  speed,  direction,  and  location. 

c.  What  was  their  opinion  of  weather  conditions,  etc. 

d  How  do  they  describe  the  occupant  locations. 

e!  Record  a  narrative  of  events.  Ask  about  navigation  lights 

after  the  general  narrative.  Don't  lead  the  witness, 
f.  Determine  if  the  witnesses  or  operator  are  color  blind  and  it 

there  is  any  form  of  vision  impairment. 
a  Show  the  operator  a  picture  of  a  red  light  or  green  light  an 

ask  which  direction  the  boat  is  moving.  If  the  operator  saw 
only  a  white  light  what  does  that  tell  the  operator. 

4.  (Attempt  to)  Locate  the  scene  of  the  accident. 

a.  Survey  the  surrounding  area  for  equipment,  floating  debris, 
beer  cans,  etc.  Show  their  location  on  the  sketch  of  scene. 

b.  Take  photographs. 

c.  Record  a  description  of  the  scene,  perhaps  on  P 

recorder,  video  recorder  or  in  simple  notes  or  sketches.  It  is 

important  to  visit  the  scene  at  or  near  the  same  time  of  "'ght 
to  observe  background  lighting.  In  general,  6 

navigation  lights  tend  to  blend  with  the  shore  side  lights. 
You  might  even  visit  the  scene  on  the  same  day  of  t  e  wee 
since  many  locals  have  different  patterns  of  activity  on 
weekends  versus  weekdays. 


5.  Recover  the  vessel  and  equipment. 

a.  Record  the  floating  attitude  of  the  boat.  Take  a  photo  if 
possible.  Since  the  navigation  lights  might  be  accidently 
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damaged  during  recovery  we  highly  recommend  photograph¬ 
ing  or  video  recording  the  boat  prior  to  and  during  the 
recovery  operation. 

6.  Record  the  vessel  information  and  take  an  inventory  using  notes, 

recorder,  photos,  sketches. 

a.  This  is  general  information  needed  for  your  report. 

7.  Examine  the  vessel. 

a.  Sketch  and  photograph  the  vessel  to  show  any  obstructions 
that  block  the  lights  or  to  show  if  the  method  of  installation 
affects  visibility.  The  visibility  must  be  checked  for  a  full 
360  degrees  horizontally  and  plus  or  minus  7  degrees 
vertically.  Determine  the  visibility  when  the  boat  is  in  the 
operating  plane  it  was  In  at  the  time  of  the  accident  (i.e. 
bow  up,  down,  level).  If  the  boat  was  hit  from  astern  and 
the  stern  light  was  improperly  mounted  in  the  transom  with 
the  outboard  engine  mounted  on  a  bracket  aft  of  the  light, 
the  light  will  not  be  visible  from  directly  astern.  On  some 
boats  the  combination  bow  light  is  partially  obscured  by  a 
bow  rail  or  coil  of  rope.  In  the  case  of  separate  red  and 
green  bow  lights  the  lights  are  sometimes  mounted  in  the 
curved  section  of  the  bow  and  may  be  several  degrees  out 
of  line.  In  this  case,  from  straight  ahead  or  several  degrees 
off  center  both  the  red  and  green  lights  may  be  visible. 

b.  Document  the  light  switch  position.  It  may  have  been 
altered  by  the  collision  or  purposefully.  TAKE  A  PHOTO. 
DO  NOT  ALTER  THE  SWITCH  POSITION!  But  remember  that 
the  switches  may  have  been  changed  after  the  accident. 

c.  Examine  the  area  around  the  navigation  light  fixture.  (DO 
NOT  REMOVE  THE  LIGHT  YET.)  Look  for  any  indication 
occupant  may  have  obstructed  its  view  (e.g.,  blood  stains, 
torn  clothing,  etc.).  See  if  the  navigation  light  fixture  is  even 
present  (e.g.,  broken  light  pole  still  in  socket,  etc.).  Take  a 
photo. 

d.  Visually  examine  the  navigation  lights.  DO  NOT  REMOVE 
THEM  YETI  Is  the  lens  cracked?  Is  there  a  sock  over  the 
light?  Is  the  lens  fogged  or  has  the  lens  changed  color  due 
to  ultraviolet  light? 

e.  Visually  examine  all  navigation  light  wiring,  connections  and 
the  fuse,  but  do  not  alter  the  connections.  Analyze  the 
circuit  to  determine  If  it  is  properly  wired.  Look  for  broken 
connections,  corrosion,  etc.  Take  photographs.  You  may  be 
able  to  skip  this  step  If  you  are  going  to  conduct  a  circuit 
analysis.  NOTE  -  The  fuse  may  be  blown  by  a  short  circuit 
caused  by  the  collision.  Determine  by  visual  observation  if 
the  fuse  blew  from  a  short  or  an  overload  as  discussed  in 
Chapter  10. 
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8.  Conduct  Circuit  Analysis 


Check  the  voltage  source. 

i  If  the  collision  involved  an  anchored  boat,  or  a 

barge,  the  navigation  lights  were  most  probably 
opera  ing  sTid,  of)  the  boa,  bakeries  Tba  bwe 
the  voltage,  the  lower  the  light  intensity  and  the 

lower  the  range  of  visibility.  T^’V°""^rn"J^ckTy7all 
should  read  13  to  14  volts  dc.  But  will  quickly  fall 

below  12  volla  when  not  undetwav.  To  determine 
?he  voltage  lapprovimatel,  determine  ^ 

interviews  how  long  the  lights  were  operating  after 
ihe  e  "glne  was  shut  down  and  conduct  a  test  using 

the  same  battery. 

ii  If  the  boat  engine  was  running,  the  '9^  ar® 

operated  off  the  engine  dc  generator  '^Iterna  K 
Was  the  generator  operating  properly?  You  might 
rely  on  the  operators/owners  statements  “ 

a  simple  check  to  check,  start  the 
for  the  voltage  at  the  battery  terminals  it  should 
normally  be  13  to  14  volts  for  a  12  volt  system. 

Conduct  Circuit  Analysis 

Tha  method  of  testing  a  navigation  light  circuit  will  depend 
on  what  was  done  before  you  arrive  at  «be  bo»n^  " 
has  been  touched  and  the  circuit  switch  is  off,  a  Ci  cuit 
Cont^ity  Test  should  be  Step  1 .  If  the  navigation  switch 
is  already  on  then  you  can  use  either  continuity  or  voitaoe- 
If  the  lights  are  burning  you  know  there  is  continuity  but  you 
do  not  know  the  voltage  at  the  lamps. 

Continuity  Test 

in  order  to  check  continuity  it  is  '^e^essary  to  find  the 
conductors  to  the  bow  light,  the  stern  light  and  ^he  anc 
SSt  at  the  panelboard.  There  are  different  methods  of 
wiring  the  lights  and  Figure  14.1  ^^owstwo^  examples^ 

the  system  where  the  stern  running  ig  liahts 

anchor  light,  it  should  be  possible  to  check  both  lig 
without  disconnecting  any  wires.  With  the 
the  off  position,  a  Continuity  Test  would  be  conned  f 
me  awifch  COP, act  ,o  ,be  droucded jrrnina  atnp.  if^'ti^ 
wires  and  filament  are  good,  the  meter 
"continuity".  It  will  actually  read  the  resistance  of  the 
wires  plus  the  lamp  filament  resistance. 

When  this  test  is  conducted  you  must 

reading  the  wires  to  a  single  lamp.  In  the  ®  ™ 

shown  in  Figure  14.1 ,  you  would  be  reading  , 

and  stern)  unless  you  disconnect  one  wire  at  switch  termina 

A  (alternate  circuit). 
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In  this  Continuity  Test,  if  the  circuit  shows  any  open  circuit, 
the  continuity  of  the  circuit  is  most  likely  open  at: 

i.  Corroded  connection(s)  at  plug-in  connections  at  B 
(stern  or  bow) 

ii.  An  open  lamp  filament 

iii.  Broken  wire 

iv.  Bad  lamp  contact  at  C 

9.  Conduct  A  Lamp  Examination 

a.  Remove  the  lens  cover  from  the  lamp. 

b.  Mark  the  lamp  and  base  with  a  permanent  marker  so  that 
the  lamp  can  be  replaced  in  the  same  position. 

c.  Examine  the  base  of  the  fixture  for  information  concerning 
the  type  of  bulb  that  it  requires.  Then  record  type  of  bulb 
used.  If  they  are  different,  the  light  may  have  been  on  but 
will  not  necessarily  have  sufficient  candlepower. 

d.  Examine  lamp  per  the  following  section.  Look  for  the 
following: 

(1)  filament  -  bending,  breaks,  detachment  from 
support,  melting  or  tapering  of  break  ends, 
sharpness  on  break  ends,  discoloration  such  as 
blackening  or  whitening,  direction  of  stretching,  may 
assist  in  determining  the  direction  of  impact.  Do  a 
continuity  check. 

(2)  filament  supports  -  bending,  breaks,  rusting, 
discoloration,  etc. 

(3)  glass  envelope  -  glass  envelope  -  white  color  may 
indicate  that  the  glass  was  broken  before  light  was 
turned  on.  Blackening  is  usually  due  to  age. 

(4)  Base  -  damage,  corrosion,  dirt,  etc. 

NOTE  1 :  Unless  you  are  absolutely  confident  in  your  ability  to  analyze  the  lamp,  send 
the  lamp,  base  and  fixture  as  one  unit  to  a  crime  lab  for  examination  by  lamp 
examination  experts. 

NOTE  2:  After  you  have  conducted  the  lamp  examination  and  determined  that  the 
light  is  operational,  now  you  may  turn  the  lights  on  to  check  for  range  of  visibility,  and 
cut  off  angles  (check  the  1 972  COLREGS). 


II.  LAMPS 

Based  on  investigation  techniques  developed  in  the  automotive  field,  it  is  sometimes  possible 
to  determine  if  a  lamp  was  on  or  off  when  broken,  and  therefore,  if  it  were  burning  prior  to 
the  collision.  However,  it  must  be  stated  that  some  of  the  indicators  will  only  occur  if  the 
navigation  light  (or  other  light)  was  physically  very  close  to  the  point  of  Impact. 
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Filament  Types 

There  are  many  types  of  filaments  used  in  navigation  lights  and  some  types 
leave  better  indicators  than  others.  Figure  14.2  shows  four  configurations. 
As  indicated,  the  tungsten  filament  is  normally  wound  in  the  form  of  a  helix 
and  the  diameter  and  length  will  depend  on  the  lamp  voltage  and  wattage. 
In  a  new  lamp,  the  helix  is  very  evenly  spaced  and  is  supported  by  support 
wires. 


FIGURE  14.2 
FILAMENT  TYPES 
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B.  Filament  Breaks 


1  Lights  Off  -  If  a  collision  occurs  and  the  navigation  lights  were  off 
when  the  filament  breaks,  the  break  will  be  a 

broken  ends  will  be  sharp.  The  filament  helix  will  normally  remain  evenly 
spaced. 

2  Lights  On  -  If  a  lamp  filament  breaks  when  the  light  is  on  when  the 
filament  is  white  hot,  the  temperature  softens  the  tungsten  and  the  stress 
caused  by  the  collision  impact  may  distort  the  filament  helix  before  it  breaks 
When  the  filament  breaks,  a  blob  of  metal  will  normahy  be  ^otmed  °n  at  least 
one  of  the  broken  ends  and  neither  end  will  be  sharp.  See  Figu 
showing  various  filament  break  patterns. 


HGURE  14.3 


nLAMENT  BREAK  PATTERNS 


Asharp  ends*^ 


COLD  BREAK 
SYMETRICAL 
HELIX 


COLD  BREAK 
SYMETRICAL 


BULB  MAY  OR  MAY  NOT  BREAK 
SHARP  END^.^ 


STRETCHED 


NON-SYMETRICAL 
CAUSED  BY  BENT 
SUPPORT  WIRES 


^BLOB 

^  TnOICA^  E^THE*" 

\  /  wh“  N  tSI  fiSament 

\  /  BROKE 

SAG  AND  NOn'sYMETRICAL 
FILAMENT  MAY  BE  DUE  TO  AGE 
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C-  Other  Indicators 

1 .  When  a  lamp  is  burning  and  breaks,  tiny  beads  of  glass  may  melt  and 
stick  to  the  hot  filament.  (This  is  not  too  likely  with  low  wattage 
lamps.) 

2.  If  the  glass  breaks  (or  cracks)  but  the  filament  does  not  break,  it  will 
confirm  that  the  light  was  not  burning.  If  power  were  to  be  applied, 
the  filament  will  burn  out.  If  the  glass  is  blackened  and  the  filament 
has  turned  color,  it  probably  indicates  that  the  glass  envelope  is 
broken  although  the  glass  may  also  darken  with  age. 

3.  The  direction  of  the  filament  stretch  may  indicate  impact  direction, 
but  a  sag  may  be  due  to  age  and  vertical  pounding.  Filament 
supports  may  likewise  bend  on  impact  and  may  stretch  the  filament. 

III.  CHROMATICITY 

The  chromaticity,  or  color  of  a  navigation  light,  is  not  likely  to  be  a  major  factor  in  an  accident 
unless  the  color  is  obviously  wrong  and  might  be  misinterpreted.  A  faded  green  light  may 
from  a  distance  look  like  a  stern  light  (white).  To  determine  if  the  color  is  correct,  the 
chromaticity  testing  must  be  done  in  a  laboratory. 

Opinion  -  this  infers  that  it  is  wrong  but  normal.  If  it  is  wrong  let  the  investigations  find  that 
the  light  is  bad  and  move  in  a  direction  that  requires  that  all  nav.  lites  be  tested.  The  same 
applies  to  the  inverted  lens. 


IV.  INTENSITY 

The  intensity  requirements  vary,  depending  on  the  function  of  the  light.  For  example,  on  boats 
under  1 2  meters  in  length,  the  white  masthead,  stern  and  all-round  lights  are  required  to  have 
a  two-mile  visibility,  but  the  colored  combination  red/green  light  has  a  one-mile  requirement. 
In  the  1 2  to  20  meter  class,  all  lights  are  required  to  be  visible  for  two  miles,  except  the 
masthead  light,  which  is  required  to  be  a  three-mile  light.  Table  14.1  shows  the  intensity 
requirements.  Table  14.2  shows  the  range  requirements  for  typical  recreational  boats. 


TABLE  14.1 

CANDELA  INTENSITY  FOR  REQUIRED  VISIBILITY 


Required  Range  of  Visibility 
in  Nautical  Miles  (km) 


Minimum  Intensity 
in  Candelas 


K  1.9) 
2(  3.7) 
3(  5.6) 
4(  7.4) 
5(  9.3) 
6(11.1) 


0.9 

4.3 

12.0 

27.0 

52.0 

92.0 
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V.  VOLTAGE 

In  checking  the  navigation  lights,  check  the  voltage  on  both 

system  voltage  and  the  investigator  should,  t  voltage  at  the  lamp  of  any 

vessels.  The  critical  and  'amp  in  place  will 

navigation  light  when  the  lamp  is  energiz  .  voltage  drop  at  a  navigation  light 

be  higher  because  .here  is  - f  would  probably  be 

should  not  exceed  3  percent.  If  the  bo  operating,  the  voltage  could 

hT,rreVa»“^ar^^^^^^^^ 

ZZ  0^  retSetwgrpCs,  W,»r  punrp,  cabin  lights  ere,  used  tha,  baner,  tor  power. 

It  Should  be  noted  that  the  foregoing 

will  probably  be  obtained  navigation  light  intensity,  simply  ask 

Sr'background  information  leading  up  to  the 

TeTssr  -  time  of  the  accident. 

VI.  BARGE  LIGHTS 

Barges  present  a  special  requirements 

comply  with  the  intensity  minimums  "so  far  as  is  practicable. 

The  specific  requirements  for  each  vessel 

that  vessel,  the  requirements  for  eac  romes  under  the  small  boat  requirements  of  the 

accident  is  one  involving  a  small  boat  'he  banery-operated  barge 

ABYC  A16  Standard  and  a  ship  or  barge.  ^  one  such  mcidenL  because 

ri-g^rereTor^^^^^^^^ 

close  to  the  requirements. 

lieu  o,  labcrarorv  respng  .dr  «, 

a  visibility  test,  on  a  clear  dark  night,  over  ^  '  ^.Q^^bitions,  visibility,  date  and 

rn:Lrha^rerd"p^^^^ 

the  other  vessel. 


VII.  rilTOFF  ANGLES 

The  reguired  culoff  angles  again  can  only  be  accurately  *’''  o„^°|,e'°bM‘’,'’bv°Sv 

testing  but  an  estimate  o.  whether  a  b''"> ?L  sh„u°^  -v“b' dene  from 

■>  -  lamp  ,s  prcpeny 
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centered  and  to  judge  if  the  wrong  lamp  has  been  used.  The  navigation  light  manufacturer 
should  specify  the  proper  lamp  and  that  is  the  only  lamp  that  should  be  used.  A  different  lamp 
can  totally  change  both  the  intensity  and  the  cutoff  angles  and  may  effect  the  chromaticity. 

If  the  navigation  light  lamp  socket  assembly  is  not  properly  secured,  the  socket  may  move 
within  the  housing  and  change  the  orientation  of  the  filament.  If  the  lamp  does  not  have  a 
vertical  filament,  rotation  of  the  lamp  will  automatically  change  the  cutoff  angles  because  the 
filament  will  move  horizontally.  Some  bayonet  lamp  bases  have  offset  pins  and  will  only  go 
in  one  way,  but  other  types  with  the  pins  on  the  same  level  can  be  in  one  of  two  positions. 

If  the  lamp  has  an  Edison  Base  (see  Figure  1 4.2),  the  filament  position  will  change,  depending 
how  tightly  the  lamp  is  screwed  in  place  and  on  physical  tolerances  that  affect  the  number 
of  turns  before  the  base  contact  touches  the  socket  contact. 

For  most  standard  bulbs,  there  is  no  attempt  to  critically  locate  or  orientate  the  filament.  This 
is  also  true  of  some  lamps  specifically  manufactured  for  use  in  navigation  lights.  The 
alignment  problem  of  the  filament  makes  it  critically  important  for  the  investigator  to  conduct 
the  cutoff  angle  tests  before  the  lamp  is  removed  from  the  socket.  For  control  of  filament 
location,  a  vertical  filament  bulb  is  best,  providing  that  filament  support  wire  within  the  lamp 
is  positioned  in  back  of  the  filament.  The  filament  support  can  cause  a  blank  spot  in  the 
output  curve,  but  the  interruption  is  generally  not  significant. 
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RANGE.  COLOR  AND  VISIBILITY  OF  TOPICAL 

rfcreauqnal  boat  navigation  LIGH — 

1 .  Side  Lights 

Ranae  -  1  nnile  for  vessels  less  than  12  meters 

2  miles  for  vessels  over  1 2  to  less  than  50  meters 

Colors  -  Red  for  port  (left) 

Green  for  starboard 

Visibilitv  -  1 12.5  degrees  from  right  ahead-unbroken 

5  degrees  above  and  5  degrees  below  horizontal 

2.  All  Around  White  Light  or  Anchor  Light 

Range  -  2  miles  for  vessels  less  than  50  meters 
Color  -  White 

Visibilitv  -  360  degrees-unbroken 

5  degrees  above  and  5  degrees  below  horizontal 

3.  Masthead  Light 

Range  -  2  miles  less  than  1 2  meters 
3  miles  less  than  20  meters 
5  miles  less  than  50  meters 

Visibility  -  1 12.5  degrees  from  straight  ahead  on  each  side-unbroken 
5  degrees  above  and  5  degrees  below  horizonta 

4.  Stern  Light 

Range  -  2  miles  for  vessels  less  than  50  meters 

Visibility  -  67.5  degrees  from  right  aft  on  each  side-unbroken 
5  degrees  above  and  5  degrees  below  horizontal 


NOTES: 

, .  v,s»ls  tess  than  7  me, era  .ha,  de  no.  exceed  7  kno,s  ,egui,e  only  ,h.  Sgh,  in  l,em  2 
above. 

2.  Vessels  less  than  1 2  meters  require  Lights  1  and  2  above. 

3.  Vessels  less  than  7  meters,  when  at  anchor  norre^ir^d "o^exhibit  an 

anchorage,  or  where  other  vessels  normally  operate,  are  not  require 

anchor  light. 
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ESTIMATING  SPEEDS  USING  TRAJECTORY  EQUATIONS 


11 .0  Introduction 


One  common  question  that  investigators  like  to  answer  in  a 
boat  collision  is,  "How  fast  was  that  boat  going?"  This  remains 
one  of  the  most  difficult  questions  to  answer,  yet  some  progress 
has  been  made  in  the  development  of  tools  that  can  provide  this 
information.  While  developing  material  for  UL's  Boating  Accident 
Investigation  Seminars,  simple  methods  for  estimating  speed  for 
certain  accident  types  were  developed.  These  methods  were  based  on 
conservation  of  energy  methods  and  the  trajectory  motion  equations. 
The  purpose  of  this  chapter  is  to  briefly  review  those  concepts  and 
provide  a  summary  of  key  formulas  that  were  developed  under  that 
program. 

Often  it  is  not  necessary  to  determine  the  precise  speed  that 
a  boat  was  traveling  just  prior  to  impact.  it  may  be  sufficient 
simply  to  show  that  a  boat  was  traveling  at  least  a  certain  minimum 
speed.  This  speed  may  be  well  below  the  actual  speed,  but  it  may 
be  sufficient  depending  upon  the  particulars  of  the  situation.  For 
example,  it  would  probably  be  sufficient  for  the  investigator  to 
prove  mathematically  that  a  boat  was  traveling  at  least  25  mph 
prior  to  impact  in  a  no  wake  zone,  even  if  the  boat's  actual  speed 
was  40  mph.  This  is  assuming  that  the  objective  is  to  show  that 
the  boat  was  definitely  traveling  faster  than  "no  wake"  speed.  The 
concepts  reviewed  in  this  chapter  are  generally  conservative  and 
are  methods  which  are  designed  to  estimate  a  minimum  speed. 


11.1  Conservation  of  Energy 

Concepts  of  kinetic  energy  (KE)  and  potential  energy  (PE)  were 
discussed  in  detail  in  Chapter  7 .  These  concepts  are  important  for 
they  represent  the  fundamental  principles  on  which  the  methods  in 
this  chapter  are  based. 

One  form  of  energy  can  often  be  converted  into  another.  When 
a  stunt  car  drives  over  a  ramp,  some  of  the  KE  is  converted  to  PE 
as  the  car  gains  altitude.  At  the  maximum  height  of  the  car's 
flight  path,  the  maximum  amount  of  PE  has  been  obtained.  As  the 
car  begins  to  fall  back  toward  the  ground,  that  PE  is  converted 
back  into  KE  again.  And  so  it  is  with  many  boat  collisions. 
Typically,  the  boat  is  traveling  at  a  certain  speed,  hits  an 
object,  flies  through  the  air,  and  then  returns  to  the  water.  It 
may,  of  course,  land  on  another  boat,  the  shore,  a  pier,  or  a  host 
of  other  places.  If  some  part  of  the  boat's  flight  path  can  be 
documented,  a  minimum  speed  required  to  achieve  that  trajectory  can 
be  calculated.  In  accidents  involving  a  trajectory,  which  means 
that  the  boat  flies  through  the  air  for  some  height  and  distance. 


11-1 


we  can  often  use  conservation  of  energy  methods  to  calculate  the 
speed  of  the  boat  just  before  impact. 


11.2  Speed  Estimates  Based  on  Height 

A  certain  known  amount  of  kinetic  energy  is  required  to  Propel 
obiect  to  a  particular  height.  This  relationship  is  well 
established  and  discussed  in  detail  in  any  good  physics  text.  In 
order  to  arrive  at  this  relationship,  we  will  look  at  an 

where  all  the  kinetic  energy  which  an  object  has  obiLt 

it  verticallv  upward.  At  the  maximum  height  which  the  object 
^■r-r\ts  vBlocitY  is  zero,  hence  its  KE  is  zero.  Thus,  all 
o^its  enSrqy  at  that  point  is  in  the  form  of  PE.  We  can  calculate 
the  maximum^height  of  an  object  with  mass  of  n,  a  velocity  of  V,  as 
follows: 


KE  =  PE 


(11-1)  1/2  mV^  =  mgh 


Solving  for  V,  we  arrive  at: 


(11-2)  V  =  \l2gh 


where  g  is  the  acceleration  due  to  gravity,  32.2  ft/ sec 

Vnr  examole  if  a  boat  strikes  a  seawall  and  lands  such  that 
the  cHs  S  feei  higher  than  it  was  prior  to  impact,  the  minimum 

speed  of  the  boat  was: 


=  V^2(32.2)  (12) 


V  .  =27.7  ft/sec 

*  min  ' 


Since  we  are  calculating  a  minimum  speed  estimate,  the 
answers  are  rou„‘'deg  down,  not  up.  Note  that  the  are 
expressed  in  ft/sec  not  mph.  To  convert  ft/sec  to  mph,  use  th 

following: 


(11-3)  Speed  in  mph  =  speed  in  ft/sec  /  1.467  (approximately) 
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Thus,  equation  11-2  provides  the  minimum  velocity  required  to 
attain  a  certain  height.  It  is  important  to  realize  what  height  is 
being  discussed.  We  are  concerned  only  with  the  change  in  height 
of  the  center  of  gravity  (CG) .  The  horizontal  location  of  the  CG 
can  be  located  by  balancing  the  boat,  or  by  weighing  the  boat  with 
scales  at  each  end,  and  then  calculating  the  CG  location  from  each 
of  the  scales  reading.  A  good  approximation  for  the  CG  location 
can  be  made  by  balancing  the  boat  on  the  trailer  as  well. 
Therefore,  it  is  only  the  change  in  location  of  the  CG  that  is  to 
be  used  in  the  formulas  that  follow.  Figure  11-1  and  11-2  show 
that  It  may  not  be  as  easy  as  one  might  think  to  document  the  CG 
location.  In  Figure  ll-l  the  change  in  height  and  distance  of  the 
CG  IS  approximately  the  same  as  for  any  other  portion  of  the  boat 
since  it  landed  in  approximately  the  same  attitude  as  that  in  which 
it  was  launched.  Figure  11-2  illustrates  an  example  of  when  extra 
care  must  be  taken  to  determine  the  distance  and  height  that  the  CG 
changed.  In  this  example,  one  can  not  simply  measure  the  change  in 
height  and  distance  of  the  bow  or  stern  and  use  those  values  for 
the  change  in  CG  location.  Instead,  a  careful  diagram  must  be  made 
that  notes  where  the  bow  and  stern  are  located,  BEFORE  the  boat  is 
moved!  Obviously  photos  and  complete  documentation  should  be 
prepared  of  the  boat  in  its  "at  rest"  position.  Then,  the  boat  can 
be  taken  down  and  the  CG  location  determined  by  an  appropriate 
method.  This  data,  and  the  diagram  showing  the  location  of  the 
boat  at  rest,  can  be  used  to  calculate  the  change  in  height  of  the 
CG  from  its  initial  position.  The  biggest  sources  of  error  in  this 
method  will  be  in  properly  determining  the  CG  location  at  the 
beginning  of  the  trajectory  motion,  and  the  CG  location  at  the 
second  point  of  interest.  The  second  point  of  interest  may  be  the 
height,  the  maximum  distance,  or  the  point  at  which 
trajectory  motion  ceased.  None  of  these  points  will  generally  be 
where  the  boat  is  located  when  the  investigator  finds  it.  A  boat 
which  has  experienced  an  event  such  as  that  in  Figure  11-2  will 
most  probably  not  be  resting  in  the  position  shown.  It  is 
important  to  remember  that  when  using  any  of  the  trajectory 
formulas,  two  CG  locations  are  desired: 


(1)  The  CG  location  when  the  boat  first  begins  its  free  flight 
trajectory  motion.  This  is  sometimes  called  the  launch  point. 

(2)  The  CG  location  at  the  point  of  interest  which  is 
required  for  the  formula  being  used.  In  most  cases,  this  will  not 
be  the  CG  location  where  the  boat  is  found  after  the  collision.  It 
is  generally  a  difficult  point  to  determine. 

Equation  11-2  is  useful  because  it  requires  very  little 
information  to  develop  a  speed  estimate.  Unfortunately,  it  assumes 
that  all  of  the  kinetic  energy  is  used  to  raise  the  object  to  the 
measured  height.  This  is,  of  course,  not  true  in  any  conceivable 
practical  example.  Energy  is  lost  in  a  variety  of  ways  in  any  real 
world  collision  that  result  in  a  change  in  height  of  the  CG. 
Energy  will  be  lost  in  forms  of  friction  and  air  resistance  in  all 
practical  cases.  In  most  collisions,  only  a  portion  of  the  KE  will 
be  converted  into  PE.  In  a  typical  CWAV,  much  of  the  KE  remains  in 
the  form  of  KE  throughout  the  collision.  In  other  words,  the  speed 
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of  the  bullet  boat  may  change  relatively  little.  You  must  also 
remember  that  the  boat  probably  attained  a  height  higher  than  that 
which  you  can  normally  document,  thus  further  lowering  the  speed 
estimate.  If  the  boat  lands  on  a  pier  in  such  a  way  that  the  CG  is 
now  12  feet  higher  than  it  was  before  the  collision,  it  most  likely 
achieved  an  even  greater  height  during  its  trajectory. 

1 1 .3  Traiectory  Motion 

Equation  11-2  is  a  useful  equation  when  estimating  speeds  for 
certain  accident  types.  It  allows  the  calculation  of  a  minimum 
speed  based  only  on  the  change  in  height  of  the  CG  during  the 
accident.  The  other  benefit  of  this  equation  is  that  one  can  be 
certain  that  the  speed  estimated  is  an  absolute  minimum  regardless 
of  the  losses  due  to  friction,  the  exact  shape  of  the  trajectory 
and  many  other  factors.  Unfortunately  the  answer  provided  may  be 
too  conservative  to  be  of  practical  value. 

Few  boats  hit  an  object  and  go  straight  up  into  the  air.  If 
the  boat  strikes  an  object  and  goes  airborne,  it  will  also  travel 
some  horizontal  distance.  This  can  be  potentially  useful 
information.  Using  trajectory  equations,  we  can  estimate  the 
minimum  speed,  even  if  the  only  item  we  know  is  how  far  the  boat 
traveled  through  the  air* 

Trajectory  motion  equations  treat  objects  as  a  single 
They  do  not  take  into  account  air  resistance  and  they  assume  that 
the  motion  is  in  one  plane  only.  They  also  assume  that  the 
particle  is  experiencing  a  constant  vertical  acceleration  downward 
due  to  earth's  gravity.  The  horizontal  component  of  acceleration 
is  assumed  to  be  zero.  In  reality,  air  resistance  may  alter  these 
values  somewhat,  but  in  boat  trajectories  resulting  from 
collisions,  the  effects  are  generally  very  small.  For  many 
practical  problems,  the  trajectory  motion  equations  will  still 
provide  good  approximations.  One  nice  convenience  regarding 
trajectory  motion  is  that  the  equations  do  not  depend  on  the  boat  s 
mass.  In  other  words,  we  do  not  need  to  know  the  weight  of  the 
boat  to  use  trajectory  motion  equations.  The  general  trajectory 
motion  equation  is: 


(11-4)  y  =  X  (tan  - 


2Vl  cos^  6, 


where  x  and  y  are  the  horizontal  and  vertical  coordinates  of  bhe 
particle.  Vo  =  the  initial  velocity,  and  ©o  is  the  initial  launch 

angle. 

We  will  use  what  we  know  about  the  trajectory  motion  of  the 
boat  to  estimate  its  minimum  speed  just  prior  to  going  airborne. 
We  will  also  see  that  the  more  information  we  have,  the  better  an 
estimate  we  can  provide. 
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11 .4  Estimating  Speeds  Based  on  Distance 


Figure  11-3  shows  the  path  that  a  particle  travels  if  it  is 
launched  at  various  angles  from  10  to  60  degrees  at  20  mph. 
Clearly  the  greatest  horizontal  distance  traveled  is  when  the 
launch  angle  is  45  degrees.  This  is  true  anytime  the  object  lands 
at  the  same  elevation  from  which  it  was  launched.  If  we  are 
estimating  the  speed  of  a  boat  which  was  launched  from  the  water 
and  then  returned  to  the  water ,  then  we  can  assume  that  the  launch 
angle  was  45  degrees  in  our  calculations  of  minimum  speed.  This  is 
the  conservative  approach,  for  if  the  angle  was  any  greater  or  less 
than  45  degrees,  the  minimum  speed  required  to  traverse  the 
measured  horizontal  distance  will  be  greater  than  that  calculated. 
This  information  is  useful  since  it  allows  us  to  calculate  a 
minimum  theoretical  speed  for  a  boat  if  we  know  the  horizontal 
distance  that  it  flew  through  the  air.  If  we  start  with  the 
general  equation  for  trajectory  motion  (equation  11-4) ,  we  can 
derive  the  equation  which  will  provide  this  estimate.  We  will  use 
equation  11-4  and  solve  the  equation  for  V  when  y  =  0  and  =  45 
degrees.  The  result  gives  us  equation  11-5.  The  derivation  is 
shown  at  the  end  of  the  chapter. 


(11-5)  V  =  \f^ 


where  R  =  Range 

Look  again  at  Figure  11-3.  The  maximum  horizontal  distance 
that  the  boat  could  possibly  travel  occurs  when  the  launch  angle  is 
at  45  degrees.  We  call  this  maximum  distance  the  range  (R) . 


1 1.5  Speed  Estimates  Based  on  Height  and  Distance 

So  far  we  have  discussed  how  to  estimate  the  minimum  speed  of 
a  boat  if  we  can  determine  either  how  far  or  how  high  the  CG  of  the 
boat  traveled  during  its  trajectory.  Remember  that  equation  11-5 
only  applies  to  trajectories  where  the  take-off  point  and  landing 
point  of  the  CG  are  at  the  same  elevation.  This  is  generally  the 
case  for  CWAV  accidents  where  one  boat  hits  a  second  one,  goes 
airborne,  and  lands  in  the  water. 

As  a  general  rule,  we  can  provide  a  better  estimate  of  speed 
if  we  have  more  information  that  we  can  use  in  our  formulas.  If 
the  boat  lands  at  a  point  that  is  not  at  the  same  elevation  from 
which  it  was  launched,  we  must  then  record  both  the  height  and 
distance  of  the  CG  from  the  launch  point.  This  information  can  be 
used  to  calculate  the  minimum  speed  necessary  to  launch  the  boat  so 
that  it  lands  in  that  location.  The  following  equation  will 
provide  the  minimum  speed  required  for  the  CG  of  the  boat  to  reach 
a  certain  height  and  elevation: 
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(11-6) 


where  d  =  the  horizontal  distance  traveled  by  the  CG 
h  =  the  change  in  height  of  the  CG 

The  previous  formula  works  even  if  the  landing  height  is  lower 
than  the  take-off  height.  Such  might  be  the  case  if  a  boat 
over  a  dam  and  landed  in  the  stream  below.  If  the  elevation  being 
used  in  the  formula  is  lower  than  the  original  position,  then  a 
minus  h  must  be  used.  If  the  elevation  used  in  the  fo^^^la  is 
above  the  original  CG  position,  then  a  positive  value  for  h  is 

used. 

The  above  formula  assumes  that  the  most  efficient  angle  was 
used  to  get  to  that  point.  If  needed,  the  angle  can  be  calculated 
from  the  following  equation: 


(11-7) 


45  +  — (.tan"l  4) 
2  d 


Take  a  look  at  Figure  11-4.  This  figure  shows  a  flight  path 
for  a  boat  which  was  launched  through  the  air  and  landed  at  a  point 
about  eight  feet  above  the  water  on  a  level  pier.  The  most 
efficient  angle  required  to  reach  this  point  is  approximately 
one-half  the  line  of  sight  angle  plus  45  degrees.  Equation  11-7 
calculates  this  angle. 

Derivations  for  these  equations  may  be  found  at  the  end  of 
this  chapter. 

Equation  11-6  provides  the  most  efficient  angle  for  an  object 
to  reach  a  single  point,  described  as  height  h  above  the  original 
CG  position,  and  horizontal  distance  d  from  the  original  CG 
position. 


11 .6  Clearing  a  Barrier 

On  rare  occasions,  a  boat  may  strike  an  object  and  be  launched 
high  into  the  air  before  returning  to  the  water.  This  situation 
can  occur  in  a  CWAV  when  the  geometry,  shape,  and  structure  of  the 
two  boats  combine  to  launch  the  bullet  boat  high  into  the  air. 
Other  situations  may  also  occur  which  create  the  need  to  be  able  to 
estimate  a  better  speed  due  to  unusually  steep  trajectory. 
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heiaht^of^?  relationship  for  the  distance  and 

degree  angle  trajectory  where  the  boat  lands  at  the 
_  D/o  ^  A4-  Which  it  took  off.  The  maximum  height  occurs  when 

T^,-n  *1-^^  point,  the  height  is  R/4.  Thus,  equation  11-5 

eauai^ti^^  provide  the  best  estimate  of  speed  when  the  height  is 
^  however,  the  height  cleared  is 

greater  than  R/4,  then  a  better  estimate  of  minimum  speed  can  be 
computed,  such  as  that  provided  by  equation  11-8. 


1,-  ^^9ure  ll-5b  shows  the  trajectory  of  a  projectile  which  clears 

height  is  greater  than  R/4.  The  launch 
angle  must  then  be  greater  than  45  degrees.  The  minimum  speed  for 
this  situation  can  be  calculated  from  the  following  formula; 


(11-8) 


^min 


1 


g(2h  +  — ) 


u/A  Note  that  if  this  formula  is  applied  in  a  situation  where  h  = 
R/4,  it  will  yield  the  same  answer  as  equation  11-5.  When  using 
this  formula,  it  is  not  necessary  to  know  the  range.  The  formula 
assumes  that  the  barrier  is  at  the  midpoint  of  the  horizontal 
range,  which  yields  a  conservative  answer.  In  reality,  there  are 
very  few  real  world  collisions  where  this  formula  will  be  needed. 
In  most  cases,  one  of  the  other  equations  will  be  applicable. 


1 1 .7  Summary 


This  chapter  briefly  presented  four  basic  formulas  that  can  be 
used  in  trajectory  analysis  for  collisions.  The  applicability  of 
the  formulas  is  not  as  limited  as  one  might  think.  The  formulas 
may  work  for  objects  thrown  from  a  boat,  in  analyzing  over-ride 
accidents,  and  a  variety  of  other  conditions.  The  largest  source 
of  error  will  generally  be  in  determining  the  change  in  position  of 
the  CG  of  the  boat. 


1 1 .8  Derivations 

The  derivations  of  equations  11-6  and  11—8  are  presented  in 
the  following  section. 
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nTCT?TVATlON  r>F  F.OTTATION  11-6;  (For  situations  shown  in  Figure  11-1) 


(11-6)  =  \lg(h  +  Vd^^") 


Where:  g  =  standard  acceleration  of  gravitational  pull,  32.2 

ft/sec^. 

h  =  vertical  distance  of  the  end  point  above  (+)  or  below 
(-)  the  trajectory  starting  point. 

NOTE:  This  is  not  the  highest  point  of  the  trajectory. 

d  =  horizontal  distance  from  starting  point  to  the  end 
point  of  the  trajectory. 

This  formula  gives  the  minimum  velocity  required  fot  a 
projectile  (boat,  person  or  object)  to  travel  to  an  end  Point  which 
is  a  vertical  distance  h  above  (+)  or  below  (-)  the  starting  point 
and  a  horizontal  distance  d  from  its  starting  point: 


Step  1 :  Basic  Trajectory  Equation  is: 


y  =  X  tan  6 


2V^  cos^  0 


where : 


0  =  Initial  angle  of  trajectory 
V  =  Initial  velocity 

g  =  32.2  ft/sec^  ^  •  4- 

X  =  Horizontal  displacement  relative  to  starting  point 

at  any  subsequent  time 

y  =  Vertical  displacement  at  the  distance  x 
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~  V  cos  e  be  the  horizontal  component  of  the  initial 
velocity,  and  Vy  =  v  sin  e,  the  vertical  component.  If  we 
neglect  air  resistance  a  projectile  experiences  no 
acceleration  in  the  horizontal  direction,  and  simple 
gravitational  acceleration  (-g)  in  the  vertical  direction. 
Hence,  the  position  of  the  projectile  as  a  function  of  time  t 
IS  given  by: 


X  =  V,t 

y=v^t-l  gt^ 


NOTE:  y  =  %  gt^  is  the  equation  for  free  fall  and  causes  a  negative 
acceleration  as  the  projectile  rises  and  a  positive  acceleration 
after  passing  the  top  of  the  parabolic  arc.  Therefore: 


y  =  V  (sin  0)  t  -  —  gt^ 

2 


=  V  (sin  0) 
=  X  tan  0  - 


X  -  A  a 

V  cos  0  2  ^  \  V  cos  0/ 

g  x^ 

2V^  cos^  0 


Step  2 :  Obtain  the  optimal  angle,  namely  the  angle  9  for 

which 


tan  20  =  — 

y 


This  is  the  angle  corresponding  to  the  lowest  velocity  (the 
most  conservative  estimate  of  the  true  velocity)  required  for  a 
projectile  to  reach  a  point  at  range  x  and  elevation  y  relative  to 
the  starting  point.  To  obtain  this  formula,  start  by  solving  the 
basic  trajectory  equation  for  V,  which  gives: 


V  = 


cos^  0 


gx^ _ 

(x  tan  0  -  y) 


Now,  the  optimal  angle  for  a  given  x,y  is  that  for  which 
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This  yields  the  following  eguations 


X  cos  20+7  sin  2  0  =  0 


NOTE; 


The  partial  derivative  contains  other  factors  as  well, 
but  this  is  the  equation  for  the  physical  root  of  the 
problem  being  considered. 


When  rearranged; 


tan  20  = 


sin  20 
cos  20 


X 

y 


Step  3; 
only  X  and  9 , 


Obtain  a  formula  for  the  minimum  velocity  involving 
namely 


V  =  •Jg  X  tan  B  ,  as  follows: 

nun  »  ^ 


gx 


2  cos^  6  (tan  d  - 

\ 


From  Step  2 


gx 


2  cos^  6  (tan  6  +  20) 

t.an 


gx  tan  0 


cos^  0  (2  tan^  0  +  1  -  tan^  0) 


gx  tan  0 
cos^  0  sec^  0 


V  ■  =  4gx  tan  0 

min  *  ^ 
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Substituting  d  and  h  for  x  and  y: 


nKRTVATION  nv  F.OUATION  11-8;  (Refer  to  Figure  11-5) 

The  formula  gives  the  minimum  velocity  needed  to  clear  a 
barri™  of  height  h  at  a  horizontal  distance  %R,  which  is  half  of 
the  total  horizontal  distance  (range)  R  from  the  starting  point. 

First  note  that  if  there  is  no  barrier  present  the  minimum 

velocIS  wiuld  be  -responding  to  a  45=  tja^jeotory.^^ This 

•h-rpin ectorv  automatically  clears  a  height  of  h  4  /  .  ^  ^ 

Lrrier  h^ght  less  than  of  the  range  the  minimum  velocity  will 
hB  the  same  as  that  for  the  452  trajectory.  Accordingly. 


^min  =  if  h  ^  1/4  R 


If  h  is  >  %  R  the  basic  trajectory  equation  is; 


y  -  X  tan  0 - — r-r 

2  cos^  0 


Where:  0  is  the  initial  angle 

V  is  the  initial  velocity 
h  is  the  height  at  %  R 
R  is  the  range 

Note  that  the  slope  at  d  =  R/2  is  0 

In  order  to  obtain  the  most  conservative  estimate  of  the 
initial  velocity,  it  is  assumed  that  the  barrier  is  located  at  the 
mid-point  (where  d  =  %  R) . 

If  it  is  known  that  the  barrier  was  cleared  at  some  other 
point  along  the  trajectory,  then  it  would  be  better  to  use  a  two 
point  formula  which  establishes  the  actual  parobolic  curve.  A 
point  formula  will  give  a  higher  velocity. 

Using  the  basic  trajectory  equation  and  the  equation  for  the 
derivative  (slope) , 


y  =  X  tan  0  - 


2V^  cos^  0 


-^  =  tan  0  - 
dx  cos^  0 
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The  conditions  become: 


h  =  -  tan  Q  -  g  l—f/2V^  cos^  6 
2  \  2/ 


0  =  tan  6  - 


id 


cos^  0 


The  basic  trajectory  equation  can  be  derived  from  the  i 
equations  of  motion: 


X  =  =  {V  cos  0)  t 


y  =  V  t  +  1/2  ayt^  =  (V  sin  0)  t  -  1/2  gt‘ 


(1)  Plugging  the  second  equation  into  the  first  gives: 


h  = 


^  tan  0 


(l)^( 


2  cos^  0 


=  ^  tail  0 
2 


tan  0 


=  —  tan  0 


or  tan  0  = 


4h 

i? 


and  y 
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(2)  Rearranging  the  second  equation  gives: 


V  = 


9R 


\  2  cos^  0  tan  0 


gR 


2  cos^  0 


sin  0 
cos  0 


gR 

^  2  cos  0  sin  0 


1 


gR 


sin  2  0 


Using  trigonometric  identity: 


sin  20 


2  tan  6 
1  +  tan^  0 


and  combining  (1)  and  (2)  gives: 


V  = 


^j  sin  2  0 


gR 


1  +  tan^  0 
2  tan  0 


1 


1  + 


16 


gR  (• 


8  h 


jd2 
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M  “qli  evidence  that  the  projectile  followed 


formula  can  be  used, 
the  midpoint. 


Care  must  be  used  because  the  formula  uses 
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The  Change  in  CG  Height  is  About  the  Same  as  the  Change  in  Height  of  Any  Other 

Part  of  the  Boat  in  this  Accident. 

Figure  11-1 


The  Change  in  CG  Height  is  More  Difficult  to  Determine  When  the  Boat 

Lands  in  this  Orientation. 


Figure  11-2 


IVajectories  at  20  mph 

Initial  slopes:  10“ 

20“ 

30“ 

40“ 

45“  (darker) 
50“ 

60“ 

Points  at  ^  second  intervals. 
TVajectory  equations: 


y  =  X  tein  9o  — 


gx 


2 


2vl  cos*  $0 


where 


'  y  =vertical  distance 
X  =horizontal  distance 

^  ^  =32  ^ 

Vo  =initial  velocity  in  ^ 
>  9o  =initial  angle 


maximum  height  = 
range  = 
time  of  flight  = 


V*  sin^  9o 
2g 

v^sm2ffo 

9 

2vo  sin  9o 
9 


Figure  11-3 
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Trajectory  When  Launch  Angle  is  45® 


(A) 


Trajectory  When  Launch  Angle  is  Greater  Than  45° 


(B) 


Figure  11-5 


CHAPTER  12 


ADVANCED  THEORIES  OF  BOAT  COLLISION 
ACCIDENT  RECONSTRUCTION 


1 2.0  Introduction 


Chapter  11  provided  some  tools  that  can  be  used  to  estimate 
minimum  speeds  in  boat  accidents  that  involve  a  trajectory. 
Realistically,  the  trajectory  equations  may  be  useful  in  as  few  as 
collision  accidents.  Are  there  any  methods  available 
which  can  be  used  to  estimate  speeds  for  two  boat  collisions  based 
on  physical  evidence  alone?  These  are  the  most  difficult  types  of 
accidents  to  analyze  because  of  the  variety  of  variables.  Classic 
methods  of  automobile  accident  reconstruction  often  fail  us 
completely  in  two  boat  collisions.  Therefore,  new  and  different 
techniques  must  be  used  to  analyze  these  accidents. 

In  this  chapter,  we  offer  a  few  concepts  that  may  serve  as  the 
basis  for  the  reconstruction  of  these  difficult  types  of  accidents. 
Neither  these  theories  nor  their  practical  applicability  have  been 
fully  explored.  The  reader  is  urged  to  use  caution  in  attempting 
to  apply  these  concepts  to  accidents  today,  as  more  research  into 
each  area  is  necessary  before  the  validity  of  each  method  can  be 
fully  known.  The  methods  presented  here  nonetheless  provide  a 
possible  basis  for  the  growth  and  advancement  of  the  field.  Early 
theories  in  many  fields  are  later  improved  upon,  some  are  later 
proven  wrong,  and  others  remain  the  cornerstone  of  a  field  for 
years  to  come.  Only  time  will  determine  the  significance  of  the 
concepts  presented  here. 

This  chapter  will  discuss  three  possible  methods  for  analysis 
of  accidents  for  the  purposes  of  estimating  speeds,  impact  angles 
or  both.  First  we  will  discuss  techniques  of  striation  analysis 
from  which  impact  angles  and  speeds  may  be  estimated.  Next,  we 

role  of  friction  and  how  it  can  possibly  be  taken 
into  account  in  certain  accident  types.  Lastly,  we  will  discuss 
methods  to  determine  the  Minimum  Threshold  Velocity  (MTV) .  The  MTV 
is  defined  as  the  minimum  speed  required  for  one  boat  to  clear  a 
second  vessel. 


12.1  Estimated  Speeds  Compared  to  Minimum  Speeds 

,  important  to  realize  that  the  methods  in  this  chapter 
differ  significantly  from  the  trajectory  equation  methods  discussed 
in  Chapter  11.  The  trajectory  equations  are  well  known  and  well 
established.  They  have  been  applied  in  various  forms  to  automobile 
accident  reconstruction  for  years  to  accident  types  called  flips, 
vaults,  and  airborne  accidents.  Those  methods,  when  properly 
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applied,  can  yield  minimum  speeds  at  which  an  automobile  travelled. 
The  answers  are  designed  to  be  conservative,  and  will  be,  if  the 
equations  are  applied  properly* 

The  methods  provided  in  this  chapter  are  Pf 

speeds.  The  answers  are  not  necessarily  conservative,  they  are 
I5^oiS\.<.timates.  It  is  important  when  attempting  to  apply  these 
principles  that  the  investigator  understand  the  difference  between 
Ltimating  speeds  and  calculating  minimum  theoretical  speeds. 

12.2  Striation  Mark  Analysis 

Striatlon  marks  are  evidence  that  two  surfaces  came  into 
.-nntact  These  marks  tell  us  much  more  than  one  might  think.  They 
caf  Indicate  thr^elative  severity  of  the  contact  forces  by  the 

depth  of  the  scratches.  They  may  ® “'’trLlf S?ed' 

the  obiects  were  in  contact  due  to  the  material  transterrea. 

Perhaps  most  important  to  us  in  this  context,  they  indicate  the 

relative  direction  in  which  each  object  was  traveling. 

Striation  marks,  in  one  form  or  another,  are  common  in  all 
boat  collisions.  They  are  most  useful  in  the 

collision  accidents.  The  striations  on  the  bottom  of  the  bulle 
boat  provide  valuable  information  about  the  relative  speed  of  eac 
during  impact.  Careful  analysis  of  the  striation  marks  can 
help  the  investigator  estimate  impact  angles  and  relative  speeds  of 
both  boats. 
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The  Basics  of  Striation  Mark  Analysis 


The  striation  analysis  techniques  primarily  apply  to  over-ride 
accidents  where  the  bullet  boat  literally  crosses  over  the  top  of 
the  target  boat.  It  is  one  of  the  few  techniques  available  to 
obtain  data  on  the  speeds  based  solely  on  physical  evidence  when 
both  boats  were  moving  at  impact. 

Let's  look  at  the  striation  marks  which  are  created  during 
some  simple  collisions.  Figure  12-1  is  a  diagram  ^ 

collision  between  two  boats.  The  bullet  boat,  which  is  the  b 
that  travels  over  the  top  of  the  other  vessel,  is  traveling  at_25 
mph  (VI  =  25) ,  while  the  target  boat  is  stationary  (V2  0) .  Th 

Slei  boat  'strikes  the  target  boat  at  a  90  fgree  angle  and  we 
will  assume  the  impact  point  is  in  line  with  the  CR  (Center  o 
Rotation)  such  that  the  target  boat  does  not 

impact.  As  a  result  of  this  impact,  the  bullet  boat  will  have 
striations  on  the  bottom  of  the  hull  parallel  to  its  centerline. 
The  struck  boat  will  have  striation  marks  on  the  top  surface  that 
run  at  90  degrees  to  the  centerline  of  the  boat. 


Figure  12-2a  shows  the  same  two  boats,  except  now  the  target 
boat  IS  traveling  at  the  same  speed  as  the  bullet  boat.  We  will 
assume  that  the  impact  again  occurs  at  90  degrees.  Figure  12— 2b 
shows  the  striations  on  each  boat  after  impact.  The  bullet  boat 
now  has  striations  which  run  at  a  45  degree  angle  on  the  bottom  of 
the  hull.  The  target  boat  now  has  striations  which  run  across  the 
deck  at  45  degrees  also.  The  striations  were  made  while  the  two 
boats  were  in  contact  with  each  other. 

.  Figure  12—3  shows  a  top  view  of  the  collision  which  occurred 
in  Figure  12-2  in  progress.  The  bullet  boat  is  shown  in  contact 
with  the  target  boat  as  the  former  travels  over  the  top  of  the 
latter.  At  this  moment  during  the  collision,  the  target  boat  is 
cutting  a  set  of  striation  marks  in  the  bottom  of  the  hull  of  the 
bullet  boat.  The  marks  begin  at  A  and  travel  toward  B.  These  marks 
are  represented  by  the  solid  line.  Also  at  this  moment,  any 
appendages  on  the  bottom  of  the  hull  of  the  bullet  boat  are  making 
a  set  of  striation  marks  on  the  deck  of  the  target  boat.  These 
marks  are  represented  by  the  dashed  line,  and  begin  at  A  and  travel 
toward  B.  These  marks  are  important  because  each  set  of  striation 
marks  represents  the  velocity  of  one  boat  relative  to  the  other. 
Texts  on  basic  dynamic  analysis  and  relative  motion  can  be 
consulted  if  you  need  more  in  depth  explanations  of  the  previous 
statement . 

The  striation  marks  in  Figure  12-3  provide  important 
information  without  any  further  analysis.  These  marks  establish 
the  relative  orientation  of  the  two  boats  during  at  least  part  of 
the  collision.  After  a  collision,  it  may  be  important  to  determine 
the  relative  orientation  of  each  vessel  during  the  impact.  If  the 
striation  marks  represented  by  Figure  12-2  can  be  located  on  each 
boat,  the  orientation  can  be  established  simply  by  placing  the  two 
boats  such  that  the  marks  are  parallel  with  each  other.  Caution  is 
advised  however  since  there  are  two  positions  which  will  meet  this 
criteria,  the  correct  one  and  a  second  one  that  is  180  degrees  off! 

Sufficient  evidence  is  usually  available  to  help  the  investigator 
choose  between  the  two  orientations.  In  the  example  in  Figure 
12-2,  one  side  of  the  boat  should  clearly  be  identifiable  as  the 
struck  side,  thus  making  it  easy  to  choose  the  correct  orientation 
during  the  collision. 

12.2.2  Striations  and  Velocities  as  Vectors 

Clearly  some  relationship  exists  between  the  impact  angles, 
the  velocities  of  the  two  boats,  and  the  resulting  striation  marks. 
If  we  could  determine  that  relationship,  it  would  give  us  a 
possible  tool  to  estimate  some  of  these  parameters.  Expressing 
these  quantities  as  vectors  will  provide  us  with  a  method  for 
analysis. 

As  a  quick  review,  a  vector  is  a  quantity  that  has  both  a 
magnitude  and  a  direction.  Clearly,  velocities  are  vectors  since 
they  possess  both  qualities.  But  what  about  striation  marks? 
Striation  marks  clearly  have  a  direction,  but  what  about  a 
magnitude?  To  answer  that  question,  look  at  Figure  12-4. 
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sriSi? 

S  the  target  boat,  V2,  is  drawn  on  the  positive  y  axis. 

These  directions  are  t°n=l='^®!’Vhe‘''line%®“hich  ieprilS?! 
12-2  through  12-4.  ^  on  the  bottom  of  the  bullet 

B-y  “oLfr^a^Sr^the  ra%Tle1rie 

gwe  aisled  tnat^S  flTol 

the  bottom  of  the  .  ‘>°at  hull.^^then^  «« jaot 

represent  the  ''a^°“ty  of  S  as  drawn  in  Figure  12-4  is 

egli  to  tSrveotol  difference  of  the  two  velocity  vectors  as 
expressed  in  equation  12-1  below: 


(12-1) 


S  =  V2  -  VI 


The  striation  marks  which  remain  on  the  bottom  of 
veSi-^s  Of 

assumptions/  will  o  p  iv  vectors*  but  sre 

1  o  o  Q  ^  Tbp  cstriation  marks  then  are  not  reaixy  $ 

difference,  and  in  subsequent  sections  refer  to  this  as  the  vector 
S,  or  the  striation  vector. 

The  previous  paragraphs  provide  an  argument  ^ ”®aning  of 

12.2.3  Mathematical  Derivation  of  the  Striation  Vector 

The  kev  to  solving  the  riddle  of  the  significance  of  the 
striation  marks  can  be  found  by  studying  figure  12-3  . 

in  most  any  book  on  engineering  dynamics  or  basic  physi  . 
concepts  are  best  illustrated  by  an  example. 
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Figure  12-5  shows  both  boats  traveling  at  a  speed  of  25  mph, 
headed  toward  each  other  at  right  angles.  This  is  the  same 
scenario  presented  originally  in  Figure  12-2.  We  will  assume  once 
again  the  boat  1  is  the  bullet  boat,  and  that  it  will  pass  over  the 
top  of  boat  2.  We  can  now  predict  the  angle  of  the  striation  marks 
If  we  can  calculate  the  velocity  of  boat  2  as  seen  from  boat  1, 
realizing  that  this  is  different  than  what  the  apparent  velocity  of 
boat  2  would  be  to  an  observer  standing  on  shore. 

We  clearly  know  what  the  velocities  of  each  boat  are  as  seen 
from  a  fixed  reference  frame,  such  as  an  observer  on  shore.  But 
how  do  we  determine  the  apparent  or  relative  velocity  of  one  boat 
in  relation  to  the  other?  The  set  of  axes  XYZ  represents  the  fixed 
reference  frame.  We  would  like  to  know  the  velocity  of  boat  2  as 
seen  from  boat  1.  Thus,  we  will  place  a  set  of  axes  xyz,  on  boat 
1.  The  axes  represented  by  xyz  are  moving  relative  to  the  XYZ  in 
translation  only,  no  rotation  is  occurring.  The  origin  of  xyz  is 
attached  to  boat  1.  The  reason  for  this  exercise  in  setting  up 
various  axes  now  becomes  clear.  From  concepts  of  basic  relative 
motion,  the  following  relationship  exists: 


(12-2) 


^XYZ 


V. 


xyz 


+  R 


The  terms  are  explained  as  follows: 

VxYz  is  the  velocity  of  an  object  relative  to  the  fixed 
reference,  XYZ. 

^xyz  is  the  velocity  of  an  object  relative  of  an  object 
relative  to  the  moving  reference  frame,  xyz. 


R  (pronounced  R  dot)  is  the  velocity  of  the  moving  reference 
frame  relative  to  the  fixed  reference  frame. 

Equation  12-2  can  be  expressed  in  words  as  "The  velocity  of  an 
object  relative  to  a  fixed  reference  frame  XYZ  is  equal  to  the 
velocity  of  the  object  relative  to  the  moving  reference  frame  xyz, 
plus  the  velocity  of  the  origin  of  xyz  relative  to  the  fixed 
reference  XYZ.” 

In  this  example,  the  velocity  of  boat  2  relative  to  XYZ  is 
equal  to  +25j,  with  j  representing  the  unit  vector  in  the  y 
direction.  The  velocity  of  boat  1  is  equal  to  R  dot  and  is  +25i. 


I 
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(12-3) 


+25j  =  Vb2^yz  ^  25i 


(12-4) 


-25i  +  25j 


^  ■'  iL^%eTocT4^^f  drain  ts  Tvliro/T  Figure 
S!.r”„a“wrc:n  -?  t1,a;  tne  rLulta„t  -f  or  js  at^a  45  ae^ree 
angle  to  the  interline ^of.both^boats^^T^^^^^  Equation  12-1. 

iTclllr  irolarify  this,  we  will  repeat  both  equations  with  the 
matching  terms  in  the  same  place  in  each  equation. 


:i2-5) 


Vb2^2  ~  ^ 


(12-6) 


Equation  12-6  is  the  notation  we  will  use  when  we  need  to 
derive  a  striation  vector. 

It  must  be  remembered  that  S  is  a  vector  which 

rei-ride  ”-iLl>ra1.d  b-t^rs^ain 

from  the  bullet  boat. 

12.2.4  Practical  Applications 

a  coiu^ir^  “  So“?ar’’:e^h;rSSo:n  fori°o'^falc“ufa\\‘"th’?  S^fatlon 

"  “."neS^e?  rrn'.  ^i-urSe^in^^-^ol'  fhl 

K?!ation  m«ks  on  the  bottom  ot  the  bullet  boat  can  be  measured. 
The  procedure  can  be  reversed  and  the  friation  angles  can  be 

boat  speeds,  and  that  is  the  impact  angle. 

Estimating  impact  angles  can  be  done  with 
Of  accuracy  in  certain  accident  situations.  We  will  coyer  in  some 
ditS  hIS  tt  do  this  later  in  the  chapter.  For  now,  in  order  to 
illustrate  how  speeds  can  be  estimated  using  striation  ' 

will  assume  that  the  impact  angle  can  be  determined  with 
reasonable  degree  of  accuracy. 
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thp  estimate  of  the  impact  angle  and  the  angles  of 
the  tooiJ^i  bottom  of  the  bullet  boat,  we  now  have 
The  TO  U  dlfined°“aJ':  Velocity  Ratio  (TO)  . 


VR  =  V2  /  Vl 


ratio  of  the  speed  of  the  target  boat  to 
boat.  A  VR  of  two  tells  us  that  the  target  boat 
was  traveling  at  twice  the  speed  of  the  bullet  boat. 

The  equation  for  calculating  the  VR  is  provided  below: 


(12-7)  VR  =  v/(a2)2  +  [  (a2)  (tan  02)] 2 


where  a2  is  defined  as: 


(12-8) 


a2 


tan  63 

tan  03-  tan  02 


The  angles  used  in  the  equations  above  are  explained  below  and 
shown  in  the  diagram  in  Figure  12-6. 

92  =  the  angle  of  the  velocity  vector  V2 

92  =  the  angle  of  the  striation  vector  S 

The  angles  are  always  measured  from  the  positive  x  axis. 

Note  that  the  VR  is  not  defined  when  02  =  03.  The  VR  is  also 
not  defined  when  02  or  03  are  equal  to  zero  or  360  degrees. 

mu  erred  to  henceforth  as  the  VR  equation. 

The  yR  ratio  alone  will  not  tell  us  the  speed  of  either  boat,  but 
can  in  itself  be  useful  data,  if  the  speed  of  one  boat  is  known, 
the  speed  of  the  second  boat  can  then  be  estimated  if  the  VR  is 
known.  Even  without  knowing  the  speed  of  either  boat,  the  VR  may 
provide  sufficient  information  to  help  prove  or  disprove  a  certain 
^enario.  If  the  bullet  boat,  boat  1  is  clearly  on  plane,  and  the 
VR  ratio  IS  equal  to  0.5,  then  the  target  boat  must  have  been 
traveling  at  a  speed  of  at  least  half  of  the  bullet  boat.  If  the 
minimum  planing  speed  for  boat  1  is  18  mph,  then  boat  2  was 
traveling  at  least  nine  mph.  Therefore,  if  the  operator  of  boat  2 
claims  he  was  sitting  still  when  struck,  the  investigator  has  a 
tool  to  show  otherwise. 


12-7  shows  certain  characteristics  of  the  VR  equation 
that  should  always  be  kept  in  mind.  For  any  given  value  of  03,  the 
striation  angle,  there  will  always  be  a  variety  of  values  of  02, 
the  impact  angle  of  boat  2,  which  could  result  in  the  observed 
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is  always  greater  than  zero,  but  less  than  03.  This  may 
expressed  as: 

0  <  02  <  03  ;  for  03  between  0  and  180  degrees. 

When  03  is  between  180  and  360  degrees. 

93  <  02  <  360  ;  for  03  between  180  and  360  degrees. 

The  last  expression  says  that  when  the  striation  angle  03  is 
between  180  and  360  degrees,  the  velocity  vector  V2  is  always  es 
than  360  degrees,  but  greater  than  03. 

1 2.2.5  Application  of  the  VR  Equation 

The  VR  equation  can  be  used  to  help  estimate  the  Y? 
the  striation  angles  and  the  estimated  impact  angle.  The  obviou 
SSbtem  wlih  tSI  application  is  that  a  considerable  error  may  be 
SaS  when  estimating  impact  angles.  striation  angles  can  be 
measured,  but  they  too  offer  more  or  a  “  b^lctlve 

accurately  than  one  might  expect.  Still,  evaluate  the 

number  in  the  equation  is  the  impact  angle.  To 
CsSulness  of  thi  VR  equation,  we  must  know  how  precise  the  data 
provided  must  be  to  produce  worthwhile  results. 

since  the  impact  angle  is  the  most  subjective  number  in  the 
equation?  wr^ill  first  look  at  the  sensitivity  of  the  VR  ecpiation 
1-hic;  narameter.  The  sensitivity  of  the  VR  equation  to  the 
impact  angle  02  depends  upon  the  value  of  02  .  One 

determining  the  sensitivity  of  the  VR  equation  to  errors  in  02  is 
trplot  a  ?ange  of  values  of  02  while  holding  03  constant. 

As  an  example,  let's  assume  that  03  is  equal  to  25  degrees. 
According  to  Figure  12-8,  valid  values  of  02 

25  degrees.  Figure  12-9  shows  us  a  graph  and  tabulation  of  the  vk 
for  values  of  02  ranging  from  0  to  24  degrees. 

We  see  several  interesting  characteristics  based  on  this 
graph.  First,  there  exist  a  minimum  VR  regardless 

I2  second,  the  value  of  the  VR  %  H 

approaches  03  for  this  graph.  From  the  graph,  it  is 

clear  that  the  VR  ratio  is  very  sensitive  to  errors  in  the 
striation  angle  measurement  as  the  impact  angle  (02)  approaches  the 
striation  angle  (03) . 


1 2.2.6  The  Nature  of  the  VR  Curve 

The  graph  in  Figure  12-9  is  only  a  small  portion  of  a  much 
larger  picture.  If  we  remove  the  limits  on  02  defined  in  Figure 
12-8,  we  can  see  the  larger  graph  of  which  Figure  12-9  is  only  a 
small  portion.  Figure  12-10  shows  a  graph  of  the  VR  with  02 


12-8 


ranging  from  0  to  360  degrees  for  a  striation  angle  of  30  degrees, 
beiow^^^^^  several  important  characteristics  summarized 


The  value  of  the  VR  is  undefined  when  02  =  93,  and  when 
02  —  03  +  180  degrees 

The  value  of  the  VR  approaches  infinity  as  02  approaches 


There  is  clearly  some  minimum  value  of  the  VR,  and  a 
corresponding  angle  of  02 

-  The  graph  incorrectly  suggests  that  there  are  values  of 
02  which  can  produce  a  defined  VR  for  the  given  striation 
angle  which  are  outside  the  limits  of  those  given  in 
Figure  12-8. 

It  is  not  especially  obvious,  but  we  would  get  exactly  the 
same  plot  if  we  set  03  =  to  210  degrees  (30  +  180)  .  Thus,  we  have 
a  graph  which  mathematically  calculates  all  the  values  of  the  VR 
for  values  of  02  from  zero  to  360  degrees.  We  must  remember  that 
he  only  part  of  the  graph  that  is  valid  are  the  values  of  02  which 
are  between  zero  and  30  degrees,  represented  by  the  shaded  area  A 
in  Figure  12-10.  These  limits  are  consistent  with  those  defined  in 
Figure  3^-8.  If  03  was  equal  to  210  degrees,  the  values  of  the  VR 
for  02  between  210  and  360  degrees  would  then  be  the  only  valid 
portion  of  the  graph,  represented  by  shaded  area  B.  While  the 
values  in  the  middle  of  the  graph  for  02  between  30  and  210  degrees 
provide  a  mathematical  solution,  they  do  not  offer  a  realistic 
vector  solution  to  the  velocity  diagram,  and  are  thus  not  valid  in 
the  estimation  of  the  VR. 

.  important  to  note  the  kind  of  trouble  one  can  get  into 

if  the  correct  part  of  the  graph  is  not  used.  For  region  A  in 
Figure  12-10,  where  03  =  30  degrees,  the  minimum  theoretical  VR  is 
approximately  one.  For  the  region  represented  by  B  however  for  03 
-210  degrees,  the  minimum  VR  is  equal  to  0.5.  Selecting  invalid 
values  of  02  which  are  outside  the  limits  of  those  defined  in 
Figure  12-8  can  lead  to  incorrect  conclusions  about  the  minimum  VR. 
The  shaded  area  C,  for  values  of  02  greater  than  30  and  less  than 
210  degrees,  the  solutions  are  not  physically  achievable. 


12.2.7  Sensitivity  of  the  VR  Equation  for  Various  Striation  Angles 

Figure  12-9  shows  us  a  very  typical  VR  curve.  The  curve 
clearly  has  a  flat  portion  at  the  bottom  where  it  is  not  especially 
sensitive  to  changes  in  the  impact  angle,  and  steep  slopes  which 
sensitive  to  changes  in  the  impact  angle.  We  will  see 
that  the  shape  of  the  curve  changes  significantly  depending  upon 
the  value  of  the  striation  angle  for  which  it  is  plotted. 
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Fiaure  12-11,  12-12  and  Figure  12-13  are  VR  curves  forces  5, 

45,  and  85  degrees  respectively.  Since  the  W  curve  throuah 

;  180  degrees^  are  identical,  the  ^^^^^es  .  de5?ees 

T7_n  are  also  the  curves  for  0  =  185,  225,  and  265  degrees 

respectively.  Compare  these  curves  to  the  one  in  Figure  12  10.  We 
can  see  that  the  curve  in  Figure  12-11  is  much  less  sensi 
chances  in  02  over  a  larger  range  than  the  curve  in  Figure  12-12. 

figures  12-10  Ihrough  12-13  leads  us  conclusion 

that  as  03  increases  from  0  to  90  degrees,  that  the  VR  c^^^e 
becomes  more  sensitive  to  changes  in  the  impact  angle .  We  can  al 
see  that  the  minimum  value  of  the  VR  changes  depending  upon  the 

value  of  03. 


12.2.8 


Minimum  VR  for  Varying  Values  of  the  Striation  Angle 


The  graphs  in  Figures  12-10  through  12-13  Kranv  divJn 
regardless  of  the  value  of  the  impact  angle,  ^hat  f^  LirS 
value  of  03  there  exists  some  minimum  value  of  the  VR.  inis  is 
useful,  for  without  knowing  anything  about  the 
estimate  the  minimum  VR  based  solely  on  the 

this  section,  we  want  to  develop  a  method  for  calculating  th 
minimum  VR  for  any  given  value  of  03. 


If  the  limits  for  02  as  defined  in 
mind,  the  minimum  values  of  the  VR  and  the 
02  can  be  defined  as  follows: 


Figure  12-8  are  kept  in 
corresponding  values  of 


For  0  <  03  <=90: 
Min  VR  =  1.0 
0  <  02  <  ©3 


For  91  <  03  <  270: 

Min  VR  is  as  shown  in  Figure  12-14. 

VR  is  undefined  for  03  =  180  degrees. 

02  =  03  -  90  when  90  <  03  <  180 
02  =  03  +  90  when  180  <  03  <  270 

For  271  <  03  <  360: 

Min  VR  =  1.0 

270  <  ©2  <  360 

VR  is  undefined  for  03  =  360  degrees. 
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4.,  diagrams  shown  in  Figure  12-14  help  illustrate  each  of 

these  limits.  We  will  briefly  discuss  each  of  the  diagrams  to  help 
dxplain  why  these  limits  exist.  Figure  12— 14a  shows  a  striation 
angle  drawn  through  the  origin  of  20  degrees  as  an  example  The 
same  fl^o  shown  originating  from  the  end  of  the  Wctor 

Itk  vo?oc?^  vector  represents  the  vector  difference  of  the 

two  velocity  vectors,  and  must  form  the  third  leg  of  the  trianale 

hlvf  angles  oTe! 

nywhere  between  zero  and  03.  The  shorter  the  vector  V2,  the  lower 
the  velocity  ratio.  As  you  can  see,  V2  gets  shorter  (representing 
a  lower  velocity)  as  02  approaches  zero.  The  limit  of  the  VR  as  02 
approaches  zero  is  one.  In  other  words,  there  is  no  value  for  02 

result  in  V2  having  a  magnitude  less  than  one  for  values 
of  03  between  zero  and  90  degrees. 


Once  03  exceeds  90  degrees,  the  VR  can  be  less  than  one.  By 
graphs  in  Figures  12-10  through  12-13,  we  can  see 
that  the  minimum  VR  appears  to  occur  when  02  is  at  a  90  degree 
angle  to  03.  Figure  12-I4b  shows  an  example  where  03  =  120 
degrees.  The  shortest  value  of  V2,  and  therefore  the  minimum  VR, 
occurs  when  V2  is  at  right  angles  to  S.  These  principles  apply  as 
Figure  12-14c,  where  we  see  an  example  where  03  =  225 
that  the  minimum  VR  occurs  when  02  =  03  minus 
90  degrees,  for  values  of  03  between  90  and  180  degrees.  The 
minimum  value  of  VR  occurs  at  02  =  03  +  90  degrees  for  values  of  03 
between  180  and  270  degrees. 


In  Figure  12-14d,  we  address  an  example  where  03  is  greater 
than  270  degrees.  This  example  parallels  that  in  Figure  12-14a. 
The  minimum  value  of  V2  can  never  be  less  than  one,  thus 
establishing  the  minimum  VR  as  1.0. 


Figure  12—15  shows  the  minimum  VR  for  a  range  of  values  of  03 
between  0  and  360  degrees.  The  tabulated  values  for  values  of  03 
between  90  and  270  degrees  are  shown  in  Figure  12-16a  and  12-16b. 


1 2.2.9  Potential  Problems  Applying  The  VR  Equations 

The  VR  equations  can  help  to  analyze  an  over-ride  collision, 
Dut  like  all  equations,  they  are  based  on  certain  assumptions.  If 
the  assumptions  do  not  hold  true,  the  accuracy  of  the  analysis  is 
questionable.  The  VR  equations  assume  that  both  boats  are 
traveling  in  a  direction  parallel  with  the  longitudinal  centerline 
of  the  boat.  In  other  words,  the  equations  assume  that  neither 
boat  is  skidding  across  the  water  laterally.  Such  slight  skidding 

may  be  possible  if  either  boat  had  taken  evasive  action  riqht 
before  impact. 

Another  potential  problem  with  the  VR  equations  is  that  they 
require  a  good  set  of  striation  marks  with  which  to  work.  By  a 
good  set  of  marks,  we  are  referring  to  a  set  of  straight  scratches 
which  can  be  measured  by  referencing  the  striation  angle  to  the 
centerline  of  the  boat.  Most  power  boats  do  not  have  flat  bottoms, 
making  it  difficult  to  truly  establish  the  angle  of  the  striation 
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marks  to  the  centerline  of  the  boat.  The  situation  is  further 
complicated  if  one  or  both  boats  are  engaged  in  a  turn  at  the  time 
of  the  accident.  If  the  bullet  boat  enters  a 

contact  with  the  other  vessel,  the  striation  marks  which  are  made 
o^^hf of  tha  hull  are  different  than  they  would  have  been 
if  the  boat  was  level.  The  VR  equations  assume  that  the  striation 
mLkfwe^e  made  on  a  flat  portion  of  the  bottom  of  the  bullet  boat 
while  the  boat  was  level,  or  equivalent.  The  degree  to  which  the 
roll  angle  affects  the  results  of  the  analysis  depends  upon  many 
factors,  including  the  hull  shape  and  the  roll  angle  at  the  time  of 
contact . 

It  must  be  remembered  that  in  order  to  use  the  VR  equations 
effectively,  the  striation  marks  on  the  bottom  of  the  hull  of  the 
bullet  boat  are  assumed  to  be  velocity  vectors  which  indicate  the 
relative  velocity  of  the  target  boat  to  the  bullet  boat  at  the  time 
of  impact.  The  reasons  for  this  were  discussed  earlier  in  section 
12.2.3.  Anything  in  the  collision  that  creates  a  condition  where 
the  striation  marks  are  not  representative  of  this  velocity  vector 
will  adversely  affect  the  accuracy  of  the  striation  analysis. 

Perhaps  a  more  obvious  solution  to  the  problem  is  to  obtain  a 
range  of  values  for  the  VR  which  are  useful  in  the  particular 
situation  involved.  The  application  of  this  topic  is  so  new  that 
it  is  difficult  to  estimate  the  real  accuracy  with  which  striation 
marks  can  be  measured.  Any  reasonable  analysis  will  have  to 
for  some  variance  in  the  striation  angle,  though  ^ust  how  much  is 
still  open  to  discussion.  It  appears  reasonable  that  the  striation 
angles  should  be  measurable  to  an  accuracy  of  plus  or  minus  five 
degrees  on  the  hull  surface.  Based  on  this  assumption,  an  analysis 
would  need  to  allow  for  a  ten  degree  variance  of  the  value  of  63. 
There  are  certain  portions  of  every  VR  curve  where  the  VR  becomes 
extremely  sensitive  to  slight  changes  in  the  impact  angle.  As  an 
example,  in  Figure  12-9,  the  VR  changes  from  2.4  to  4.8  while  02 
varies  from  15  to  20  degrees. 

Working  with  an  accident  on  the  sensitive  part  of  the  VR 
curves  will  require  accurate  input  data  or  great  inaccuracies  in 
the  calculated  VR  will  result. 


12.2.10  Unusual  Striation  Patterns 

Two  common  types  of  striation  patterns  are  worth  mentioning 
because  they  can  be  very  confusing  when  they  are  first  observed. 
During  some  collisions,  especially  those  where  the  boats  may  not 
have  been  traveling  at  very  high  speeds,  the  angles  of  the 
striation  marks  on  the  bottom  of  the  bullet  boat  riear  the  bow  may 
vary  from  those  toward  the  rear.  Of  course  the  str rations,  if  any, 
on  the  deck  of  the  target  boat  may  vary  in  a  corresponding  manner. 

These  variations  may  occur  for  several  reasons.  If  both  boats 
stay  pointed  in  the  same  direction  during  the  impact,  but  the 
velocity  of  one  or  both  decreases  while  they  are  still  in  contact, 
the  relative  velocity  of  the  two  boats  changes.  This  change  is 
reflected  in  the  changing  striation  angles.  The  striations  which 
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are  closer  toward  the  bow  of  the  bullet  boat  on  its  hull  bottom 

indication  of  the  VR  closer  to  the  time  of  initial 

where  the  striation  marks  on  the 

VR  dn^in«  be  the  best  indication  of  the 

VR  during  the  initial  impact. 

4-v,  striation  marks  could  also  change  angles  if  one  boat  or 

deflected  during  the  initial  impact.  A 

woind  actual  velocity  remained  constant 

ould  result  in  a  change  in  the  striation  angles  as  the  collision 


Another  phenomenon  worthy  of  mention  is  striation  marks  which 
appear  as  sweeping  arcs,  perhaps  with  a  radius  of  only  a  few  feet. 
Such  marks  on  the  bottom  of  the  bullet  boat  can  be  the  result  of  a 
piece  of  material  from  the  target  boat  breaking  away  during  the 
these  sweeping  arcs  can  be  found  on  the  bullet  boat 
and  the  target  boat  in  a  matching  location,  it  is  a  possible 
indication  that  one  boat  pivoted  on  top  of  the  other  while  the  two 
were  in  contact.  Accident  number  6  in  chapter  13  provides  a  good 
example  of  an  accident  where  the  bullet  boat  rotated  on  top  of  the 
target  boat . 


•  .^1  •  concept  to  remember  about  striation  marks  is  that  they 
indicate  the  relative  motion  of  the  two  objects  while  they  were  in 
contact.  For  most  new  to  the  accident  investigation  field,  this  is 
^  difficult  concept  to  apply.  The  temptation  is  to  view  and 
analyze  the  motion  of  the  bullet  boat  over  the  target  boat  as 
though  the  target  boat  were  sitting  still.  Most  people  do  this 
without  even  realizing  it.  Figure  12-3  and  12-5  are  good  diagrams 
to  study  which  illustrate  the  concepts  of  relative  velocity. 


1 2.2. 11  Velocity  Ratio  Equations  Summary 

Despite  its  potential  problems  in  certain  applications,  the  VR 
equations  are  a  potentially  valuable  and  powerful  tool  for  use  in 
the  analysis  of  over-ride  collisions.  The  purpose  of  the  VR 
equations  is  to  estimate  a  velocity  ratio  when  the  impact  angle  and 
striation  angles  are  known.  A  possible  but  less  likely  application 
IS  to  use  the  graph  in  Figure  12-15  to  estimate  a  possible  range  of 
values  for  the  impact  angle  if  the  VR  were  somehow  known. 

ratio  equations  are  important  because  they  are  some  of 
the  few  tools  available  to  help  estimate  boat  speeds  in  a  two  boat 
collision.  The  equations  are  not  used  to  calculate  boat  speeds 
directly,  but  are  used  to  find  the  velocity  ratio  of  the  two  boats 
involved.  Specifically,  the  VR  provides  the  speed  of  the  target 
boat  compared  to  that  of  the  bullet  boat.  Remember  that  in  the 
definition  of  the  VR,  the  velocity  of  the  bullet  boat  was  defined 
as  one.  if  any  other  data  is  available  to  help  substantiate  the 
speed  of  one  boat,  the  speed  of  the  other  can  then  be  estimated. 
Remember  that  these  equations  apply  only  to  over-ride  collisions, 
and  that  63  is  the  angle  of  the  striations  on  the  bottom  of  the 
bullet  boat. 


A  set  of  equations  Sne 

appear  on  the  top  sur  °  would  be  referenced  back  to  the 

?“'''^i'’i;rtTLtiad  of  the  Cist  Lat.  Our  experience  during  the 
target  boat  insteaa  oT^n  str ration  marks  are  usually 

field  investigations  f°"®<>‘hat  tetter  surface 

found  on  the  bott-  of  the^bullet  boat  rather  than 

presented^teled  on  striations  measured  on  the  bullet  boat. 

ThP  use  of  the  VR  equations  depends  on  a  reasonable  estimate 

12.2.12  Graphical  Methods  For  Estimating  The  VR 

For  those  who  do  not  particularly  enjoy  the  use  of  equations. 

For  rnose  wiiu  section  a  method  of  determining  the  VR 

Tsi^^^grlp^Kal  -thods  Since  it  “fhe 

CtCirn  -CtSed  by  ^g  ^ -^gsbra . ^^.he^step^ 

below  summarize  how  to  esrimare  i^ne  vn. 

and  impact  angles  are  known. 

1.  Draw  a  set  of  xy  axes  with  VI  on  the  Pb^Vro^irt^A 
a  value  of  1.  Call  the  point  on  VI  at  x-1  point  A. 

2  Draw  the  striation  vector  S  at  the  angle  03,  with  the 
beginning  of  this  vector  at  point  A. 

3.  Draw  V2  with  its  beginning  at  the  ®V2 

The  origin  is  the  intersection  of  the  xy  axes. 

ohJn Iff  intersect  S.  If  it  does  not,  you  have  made  a 
mistake  somewhere!  Go  back  and  double  check  the  values 
you  used  for  02  and  03. 

4.  Measure  the  length  of  V2  between  the  origin  and  the 
intersection  with  S. 

5.  The  VR  is  determined  by  the  length  of  V2  divided  by  the 
length  of  VI  (which  is  one  by  definition) . 

Your  drawing  should  look  similar  to  the  one  in  Figure  12-4 
when  you  are  finished. 

1 2.2. 1 3  Mathematical  Derivation  of  the  VR  Equation  Using  the  Vector  Approach 

This  section  contains  the  mathematical  derivation  of  the  VR 
equation.  This  approach  is  based  on  vector  algebra. 
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Terms : 


VI  =  Velocity  of  boat  1,  the  bullet  boat 
V2  =  Velocity  of  boat  2,  the  target  boat 
S  =  The  striation  vector 

From  the  discussion  in  section  12.2.3,  we  know  the  following 
to  be  true:  ^ 


(12-9)  S  =  V2  -  VI 


For  each  vector,  we  will  use  the  notation: 

a  =  component  in  the  x  direction 
b  =  component  in  the  y  direction 

such  that  any  vector  V  =  a  +  b 

We  will  now  re-write  each  of  the  vectors  as  follows: 


VI  =  al  +  bl 
V2  =  a2  +  b2 
S  =  a3  +  b3 

Then: 


(12-10)  V2  -  VI  =  (a2+b2)  -  (al+bl)  =  {a3+b3) 


From  the  above  expression: 
(12-11)  a3  =  a2  -  al 


(12-12)  b3  =  b2  -  bl 


We  will  adopt  the  standard  convention  that  the  magnitude  of  VI 
is  always  equal  to  one,  and  VI  is  drawn  on  the  positive  x  axis.  We 
will  calculate  the  magnitude  and  velocity  of  V2  to  arrive  at  the 
velocity  ratio  (VR)  .  The  VR  is  defined  as  V2/V1,  but  since  VI  =  1, 
it  follows  that  VR  =  V2.  The  VR  then  is  in  relation  to  VI.  As  an 
example,  if  the  VR  =  2,  then  the  speed  of  boat  2  was  twice  the 
speed  of  boat  1. 
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Because  of  the  convention  adopted  for  VI,  VI  can  be  written 

as: 

(12-13)  VI  =  1  +  0 

thus  al  =  1  and  bl  =  0.  Substitute  these  values  into 

equations  12-11  and  12-12: 

(12-14)  a3  =  a2  -  al 


(12-15) 


b3  =  b2  -  0 


Now  we  can  use  the  information  on  the  striation  angles  and 
estimated  angles  of  impact  to  develop  an  equation  for  the  magnitud 

of  V2. 

We  will  add  the  following  definitions; 

02  =  the  impact  angle  measured  from  the  positive  ^  axis 
03  =  the  striation  angle,  defined  as  the  angle  of  the 
striations  as  found  on  the  bottom  of  the  hull  of 
the  bullet  boat.  This  angle  is  also  measured  from 
the  positive  x  axis. 

From  basic  trigonometry,  we  know  that: 


tan  03  =  and  tan  02  - 


therefore; 

b3  =  a3(tan  03)  and  b2  =  a2 (tan  02) 

From  equation  12-14  we  know  that: 

a3  =  1  -  a2,  and  from  equation  12-15  we  know  b3  =  b2; 

substituting  into  the  previous  equation 
and  solving  for  a2  yields: 

a3(tan  03)  =  a2(tan  02) 

(a2  -  l)tan  03  =  a2(tan  02) 
tan  03  -  a2(tan  03)  =  a2(tan  02) 
a2(tan  03)  -  tan  03  =  a2(tan  02) 
a2(tan  03)  -  a2(tan  02)  =  tan  03 
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(12-16) 


a2 


_ tan  63 _ 

tan  03  -  tan  02 


Since  b2  =  a2(tan  02),  we  can  now  write  b2  as: 

(12-17)  h2  =  (tan  63)  (tan  62) 

tan  03  -  tan  02 


Remember  that  a 2  and  b2  are  the  x  and  y  values  of  the  Vector 
V2.  Thus,  in  order  to  find  the  magnitude  of  V2,  we  can  use  the 
distance  formula. 


If  we  leave  a2  as  it  is  defined  in  equation  12-16,  we  can 
write  equation  12-18  as  follows: 

(12-19)  \V2\  =  s/a2^  +  [(a2)  (tan  02) 


Equation  provides  us  with  the  absolute  value  of  the  magnitude 
of  V2.  The  VR  is  actually  numerically  equal  to  this  value  since  we 
assumed  that  VI  =  1  in  the  beginning  of  the  derivation. 


12.2.14  Derivation  of  the  VR  Equation  Using  Trigonometry 

Equation  12-19  is  one  approach  to  solving  what  can  be  viewed 
as  a  simple  trigonometry  problem.  After  all,  what  we  really  need 
is  the  magnitude  of  V2,  which  is  the  length  of  the  line  segment  V2. 


We  can  use  the  Law  of  Sines  to  solve  for  the  magnitude  of  V2 . 
The  derivation  for  the  Law  of  Sines  can  be  found  in  most  any 
geometry  or  analysis  text.  The  Law  of  Sines  basically  states: 


(12-20)  — - —  =  — - —  =  £ 

sin  A  sin  B  sin  C 
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Fiaure  12-17  shows  the  how  the  sine  law  can  be  applied 
.  ,  ^  j  ’  LJo  ta7i  1 1  d©iriv©  th©  ir©l2itionsliip  for  V3.1ii©s 

v©locity  diagram.  W©  will  ^ corr©lation  b©tw©©n  th© 
of  03  b©tw©©n  0  and  180  a©gr©©s. 

diagrams  in  Figure  12-17a  and  12-17b  is  as  follows. 


a  =  S,  b  =  VI,  c  ^  V2 
A  =  B2,  C  =  180  -  03 


„e  really  need  to  aeter,i„e  tte  ^o' 

in'  t^e'r"nr-of  th'/Vact  angles  and  strlatlon 
angles.  First,  find  C: 

C  =  180  -  03 


find  the  value  of  B: 


A  +  B  +  C  =  180 
02  +  B  +  (180  -  03)  =  180 

B  =  180  -  02 

B  =  03  -  02 


-  (180  -  03) 


NOW  substitute  and  use  the  law  of  sines: 


(12-21) 


sin  C  sin  B 


(12-22) 


_ V2 _ 

sin  (180  -  03) 


sin  (03  -  02) 


(12-23) 


V2  =  VR 


sin  (180  -  03i 
sin  (03  -  02) 


we  have  now  established  a  fairly  simple  formula  for  the  VR  in 
terms  of  the  sine  of  03  and  02.  The  above  derivation  was 
specifically  for  values  of  03  between  zero  and  180  degrees. 
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We  can  derive  the  formula  for  V2  with  values  of  ©3  between  180 
and  360  degrees  using  Figure  12-18a  and  12-18b  as  a  basis.  The 
only  difference  is  the  way  that  values  for  A  and  B  are  calculated. 
The  values  for  A  and  B  are  as  follows: 


A  =  360  -  $2 


B  =  180  -  A  -  C 

B  =  180  -  (360  -  02)  -  ($3  -  180) 
B  =  180  -  360  -  02  -  (93  +  180 
S  =  02  -  03 


For  values  of  93  between  180  and  360  degrees.  When  these 
values  are  substituted  into  equation  12-21,  the  following  results: 

^2-24)  _ ^  =  VI 

sin  (03  -  180)  sin  (02  -  03) 


(12-25)  V2  =VR  =  sin  (03  -  180) 

sin  (02  -  03) 


Equation  12-25  provides  the  equation  for  the  VR  for  values  of 
63  between  180  and  360.  The  equation  is  nearly  identical  to 
equation  12-23  which  provided  the  VR  for  03  between  zero  and  180 
degrees.  Equation  12-25  and  12-23  are,  in  fact,  equivalent.  We 
can  prove  this  by  considering  the  following  equations: 


From  trigonometry, 
sin  (-X)  =  -  sin  x 

Now  let  X  =  180  -  03,  then  -x  is 
-X  =  -  (180  -  03) 

-X  =  -  180  +  03 
-X  =  03  -  180 


since  sin  (-x)  =  -  sin  x,  substitute: 
sin  (03  -  180)  =  -  sin  (180  -  03) 


If  we  perforin  this  substitution  on  both  the  numerator  and 
denominator  on  the  equation  found  in  12-23,  it  will  look  like  the 
equation  as  shown  in  equation  12—26,  and  we  arrive  at  equation 
12-27,  which  is  identical  to  equation  12-25.  Thus,  we  now  see  that 
the  VR  can  be  calculated  for  any  value  of  03  using  equation  12-27. 
The  plots  shown  in  Figures  12-9  through  12-13  and  12-15  can  also  be 
obtained  by  using  equation  12-27.  The  plots  are  identical  for  all 
valid  values  of  02.  In  some  ways  the  plots  generated  using 
equation  12-27  are  better  than  those  shown  in  the  figures,  because 
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rihoL“n  F^gurf  12-'lo“r  wou7d  "no\  tThown^  i t  we?e 

used  to  generate  the  plot. 


sin  (180  -  63)  _ 
(12-26)  ^2  =  =  sin  ((^3  -  IW  " 


-  sin  (03  -  180) 
-  sin  {62  -  03) 


r.r,  _  sin  {63  -  180) 
(12-27)  V2  =VR=  _  ^3y- 


12.3  Estimating  Impact  Angles  In  Over-ride  Collisions 

The  actual  impact  angle  is  important  for  several  reasons.  For 

Ki:Le^°>iroiro\-  ^t^o°ae\UTnr?S 

velocity  ratio. 

The  earlier  chapter  on  documentation  techniques  covered  the 
basic  eLma^ts  ttat  need  to  be  identified  in  f 

imnact  anales.  Having  good  documentation  of  all  the  reieva 
damage  is  \he  first  step  toward  an  accurate  reconstruction. 

TTnfortunatelv  there  is  no  magic  formula  or  prescribed 

SaSt^^Vle^'  ho"we::i"\;rn  °a  .few 

tSniques  Wat  can  at  least  help  to  identify  a  range  of  P°jsible 

SiStr  dWp^end'L  ""laWeir SoWwe\TWhe  ^rema\ning  Wysical 
damage  can  be  analyzed. 

Estimating  impact  angles  requires  good  documentation  of  the 
relevant  damage  to  both  boats,  and  an  understanding  of  the  concepts 
W  relative  motion  presented  in  the  f equations. 

The  basic  steps  required  are  summarized  as  follows. 

1.  Document  all  relevant  damage  to  both  boats. 

2.  Find  all  unique  points  which  are  candidates  for  damage 
matching . 

3.  Determine  where  possible  the  relative  position  of  one 
boat  to  the  other  during  as  many  points  during  the 
collision  as  possible. 


4.  Create  a  scale  drawing  of  the  top  view  of  both  boats 
including  relevant  damage  areas  and  striation  marks. 

5.  Trace  the  scale  drawing  of  the  bullet  boat  onto  a 
transparency. 

6.  Be  sure  that  all  striation  marks  on  the  bottom  of  the 
bullet  boat's  hull  and  the  target  boat's  top  surface  are 
shown  in  each  diagram. 

7.  Line  up  the  orientation  of  each  boat  so  that  the 
striation  marks  on  both  drawings  are  parallel  to  each 
other . 

8.  Note  all  damage  points  where  damage  matching  was  able  to 
Identify  the  location  of  one  boat  relative  to  the  other 
during  the  impact. 

9.  Try  to  follow  the  path  of  the  bullet  boat  over  the  top  of 

the  target  boat  by  doing  the  following:  Place  the 

transparency  of  the  bullet  boat  over  the  diagram  of  the 
target  boat  in  one  of  the  positions  determined  by  step  8. 
Rotate  the  drawing  of  the  bullet  boat  until  the 
striations  of  the  two  boats  are  parallel.  Move  the 
drawing  of  the  bullet  boat  over  the  target  boat  in  the 
direction  of  the  striation  marks,  not  in  a  direction 
P®^®il®l  to  the  centerline  of  the  bullet  boat.  If  the  two 
happen  to  be  the  same,  so  be  it,  but  the  striation  marks 
should  not  be  parallel  to  the  centerline  of  the  bullet 
boat  if  the  target  boat  was  moving  (uless  the  impact 
angle  was  zero  or  180  degrees) .  Watch  for  orientations  of 
the  two  boats  where  other  damage  points  from  step  8  line 
up. 

10.  We  should  now  find  an  orientation  of  the  bullet  boat 
where  the  transparency  of  the  bullet  boat  can  be  slid 
over  the  top  of  the  drawing  of  the  target  boat  in  the 
direction  of  the  striations  which  are  consistent  with 
points  from  step  8.  For  example,  this  technique  should 
drag  the  lower  unit  exactly  through  the  location  which 
coincides  with  the  torpedo  hole  on  the  side  of  the  target 
boat.  Remember  to  slide  the  boats  only  in  the  directions 
of  the  striations. 

The  above  techniques  can  be  used  to  help  identify  the  initial 
impact  point,  even  when  the  structure  which  was  initially  struck 
was  missing  after  the  collision.  The  key  to  showing  that  the 
impact  angle  is  accurate  is  to  be  able  to  find  at  least  two  or 
three  points  where  damage  matching  positively  places  the  two  boats 
in  a  given  orientation  at  different  times  during  the  impact.  A 
good  set  of  striation  marks  can  then  be  used  to  help  estimate  the 
initial  impact  point.  These  techniques  were  used  on  several  of  the 
field  accidents  covered  in  chapter  13. 
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■  ls’o£\Sn''b^”SsrorSalcur:??es 

in'docuLnting^^the 

versa.  these  ^  i^le  to  clearly  establish  the  limits 

bey“rwhich\t%ould“ot''bava  been  and  it  .ay  also  ba  possible  to 
estimate  an  angle  which  is  the  most  probable. 

one  word  of  caution  is  in  order  here.  The  temptation  in  many 

“••“••“E-SH’H  -SSivillsirs-  .s: 

hS  ^he  particular  oases  on  which  the  investigator  previously 
by  tne  pamcuieu.  oao  rhiooiac  but  there  are  still  a 

continue  to^  dig  and  analyze  until  all  the  pieces  ^ ^  ^ i  ^ 

""^%t”r1sS??s’^;nn^irrUe/“ln\“^^^ 

caused  durfng  the  salvage  operation.  .These  possibilities  must  not 
become  scapegoats  for  the  reconstructionist's  inability  to  expla 
a  certain  piece  of  evidence. 


12.4  The  Minimum  Threshold  Velocity 

one  method  that  can  help  to  estimate  speeds  in  a  two  boat 
collision  is  to  examine  a  concept  called  the  Minimum 
Velocity  (MTV) .  Once  again,  this  technique  is  usefu  bullet 

cSllisions.  Many  accidents  involve  situations  where  the  bullet 
Sat  cleaJiy  runs  completely  over  the  top  of  the  ‘hr^t  boat  It 
vomiir-pci  a  certain  amount  of  energy  for  the  bullet  boar  ro 
accomplish  this  task.  The  amount  of  energy  required  depends  upon 
tS  path  whlS  the  CG  of  the  bullet  boat  took  as  it  rode  over  the 

target  boat . 

In  order  to  estimate  the  MTV,  the  path  followed  by  Jhe  CG  of 
the  bullet  boat  must  be  estimated.  Generally,  we  want  to  determine 
■i-ho  ua-i-h  reauirina  the  lowest  amount  of  energy  and  calculate  a 

^Sim^™  v/lXtV  tro“  there.  The  path  can  f  -“^heSSyS 
-t-hP  fjpometrv  of  both  boats  and  the  location  of  the  CG  of  the  puiier 
boat  Figure  12-19  shows  an  example  of  an  over-ride  accident  where 
SS’calcSlations  may  be  useful.  The  bullet  boat  made  contact  with 
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points  A  and  B,  but  cleared  the  bow  completely.  Based 
^v?  information,  we  can  reconstruct  a  minimum  energy  path  that 
the  CG  of  the  boat  could  have  travelled.  We  now  have  a  trajectory 
motion  problem  that  can  be  solved  by  methods  discussed  in  chapter 


One  factor  makes  this  approach  rather  challenging.  We  do  not 
have  sufficient  data  on  collision  dynamics  to  be  able  to  estimate 
the  degree  to  which  the  target  boat  was  depressed  into  the  water, 
thus  lowering  the  path  of  the  CG.  From  viewing  videotapes  of 
experimental  collisions,  it  appears  that  the  effect  of  this  factor 
in  some  collisions  may  be  negligible,  especially  in  scenarios  where 
a  small  boat  strikes  a  large  boat.  The  effect  of  the  target  boat 
being  depressed  into  the  water  is  probably  more  than  offset  by  the 
fact  that  once  the  minimum  energy  path  is  established,  there  is  an 
great  chance  that  the  actual  path  involved  was  one 
requiring  much  greater  energy.  This  technique  does  not  account  for 
any  sliding  through  the  water  that  the  target  boat  may  have  done 
during  the  impact.  If  the  collision  was  from  the  stern,  chances 
, that  the  struck  boat  moved  forward  some  considerable  distance 
during  the  collision.  If  the  bullet  boat  still  cleared  the  bow  of 
,  target  boat  in  this  scenario,  then  there  is  clearly  some 
additional  distance  to  be  added  to  the  trajectory  for  which  this 
technique  does  not  account. 

It  is  helpful  to  determine  the  longitudinal  position  of  the  CG 
of  the  bullet  boat.  Fortunately,  it  is  generally  not  necessary  to 
determine  the  height  of  the  CG  in  these  situations.  Since 
trajectory  motion  equations  calculate  a  velocity  based  on  a  change 
in  height  in  CG,  and  not  the  literal  height  of  the  CG  during  the 
trajectory,  the  precise  vertical  location  is  not  required.  When 
establishing  the  minimum  energy  trajectory,  the  vertical  location 
of  the  CG  may  be  assumed  to  be  near  the  bottom  of  the  hull  for  most 
16  to  18  feet  I/Os  and  inboards.  Outboards  will  have  a  slightly 
higher  CG.  Remember  that  since  we  are  interested  only  in  changes 
in  CG  location  during  the  trajectory,  the  precise  CG  coordinates  in 
the  vertical  plane  are  not  generally  required. 

The  MTV  concept  assumes  that  the  struck  boat  is  stationary. 
If  two  boats  are  traveling  toward  each  other,  the  speed  of  the 
target  boat  will  contribute  toward  the  bullet  boat's  ability  to 
ride  over  the  top  of  it.  The  concept  may  apply  when  the  velocities 
of  the  two  boats  are  perpendicular  to  each  other,  though  this 
application  has  not  yet  been  investigated. 


12.5  Predicting  Launch  Angles 

The  MTV  and  trajectory  concepts  could  be  used  to  greater 
advantage  if  we  knew  the  launch  angles  of  the  target  boat.  Early 
experimental  collisions  indicate  that  for  certain  scenarios,  it  may 
be  possible  to  estimate  the  launch  angle.  Collisions  involving  a 
T-Bone  impact  where  the  target  boat  was  stationary  were  fairly 
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Tt  is  usually  possible  to  estimate  a  minimum  launch 

.oat  ^0°  h\a^X?re“/“h/  of  ?S 

Jar^t  bolt  The  typical  hole  where  the  gearcase  penetrated  the 
^  hull  side  is  easily  located.  The  gearcase  hole,  and  the 

Jail  bill  at  a  significant  roll  angle  ^^en^  the^damage^w^a^s^  done^ 

tSr  tt";'"  t“rger"bo“at^  the  bullet  b^t 

SSiaM  s^Ke-f  r 

returned  to  a  level  roll  attitude. 

Fstimatina  the  launch  angles  in  this  type  of  collision  can  be 
asoecflnl  islful  if  other  data  on  the  trajectory  is  known,  such  as 
hlS  fll  the  boat  flew  through  the  air  after  contact.  Even  if  this 
^Inlf knoln  Ihe  CG  locations  at  points  A  and  B,  on  Figure  12-20 
lln  be  used  to  better  estimate  the  minimum  speed  of  the  bullet 

boat. 

The  concepts  of  MTV  and  launch  angle  need  further  research 
before  they  can^ be  fully  developed.  Nonetheless,  they  appear  to  be 
liZl  appLaches  to  rLch  a  few  Bore  answers  when  analyzing  boat 

collisions. 


12.6  What  About  Friction? 

The  Kinetic  energy  lost  by  the  bullet  boat  during  an  impaut 
goes  into  many  forms.  For  some  collisions,  the  energy  *ie  to 

2  •  4- •  T  c?  c -i  rrn -i -p-i  If  we  could  soiTiehow  account  for  the 

speed  of  the  bullet  boat. 

Friction  is  especially  likely  to  account  for  a  significant 
nortion  of  the  energy  lost  during  collisions  which  involve  a  long 
IZllrl  aJea  The  bLt  examples  of  this  occur  when  a  bullet  boat 
rSni  Ste?  target  boat  directly  from  the  stern.  Running  over 

the  boat  lengthwise  typically  results  in  a  tje 

these  cases,  the  target  boat  may  begin  to  move  forward  during  th 

impact,  thus  increasing  the  contact  times. 


12-24 


Unfortunately  no  experimental  testing  has  been  done  to  date  to 
attempt  to  actually  measure  the  dynamic  friction  coefficients  which 
exist  in  these  circumstances.  This  is  one  area  of  consideration 
for  future  research.  if  friction  coefficients  are  developed  for 
ese  types  of  collisions,  it  will  provide  the  reconstructionist 
with  one  more  tool  to  assist  in  estimating  minimum  speeds  prior  to 
impact.  Refer  to  accident  number  seven  in  Chapter  13  for 
additional  information  on  friction  analysis. 


1 2.7  Conclusion 

The  techniques  presented  in  this  chapter  attempt  to  break  new 
ground  with  regard  to  reconstructing  two  boat  collision  accidents. 
Anyone  who  attempts  to  employ  these  techniques  should  have  a 
thorough  understanding  of  the  concepts  involved.  Hopefully,  time 
and  future  research  will  improve  on  those  techniques  presented 
here.  With  additional  research  and  testing,  more  sophisticated 
techniques  may  be  developed  in  the  future  that  will  allow  an 
accurate  reconstruction  of  an  even  wider  variety  of  accident  types. 
Recent  developments  in  computer  technology  have  brought  the 
capability  of  dynamic  simulation  to  the  desktop  PC.  The 
implications  of  these  advances  have  yet  to  be  fully  realized. The 
concepts  presented  in  this  chapter  could  be  greatly  enhanced  with 
the  assistance  of  today's  simulation  technology. 


Striation  Marks  on  Deck 
of  Stationary  Boat 


Striation  Marks  on  Bottom 
of  Bullet  Boat 


VELOCITIES 


When  the  Target  Boat  is  Stationary,  Striation  Marks  on  the  Bottom  of  the 
Bullet  Boat  are  Parallel  to  the  Centerline. 


Figure  12-1 


before  impact 


after  impact 


VI  -  25 
V2  -  25 

IMACT  ANGLE -90** 


When  Both  Boats  are  Moving,  The  Striation  Marks  are  at  an  Angle 

to  the  Center  Line. 


Figure  12-2 


®  -  -  STRIATION  ON  BOTTOM  OF  BOAT  ) 

®  r  STRIATION  ON  DECK  OF  BOAT  2 


Striations  Being  Formed  on  Each  Boat  as  Collision  Progresses. 
The  Striations  Were  Made  in  the  Direction  from  A  to  B. 


Figure  12-3 


270° 


VI  =  Velocity  Vector  of  Boat  1,  Bullet  Boat 
y2  =  Velocity  Vector  of  Boat  2,  Target  Boat 
S  =  Striation  Vector 
$2  =  Angle  of  V2 
63  =  Angle  of  $ 


The  Relationship  Between  Velocity  Vectors  and  Striation  Vectors. 

Figure  12-4 


For  Any  Given  Value  of  S,  There  are  a  Variety  of  Angles  of  V2  (92)  That  Could 
Result  in  the  Observed  Striation  Marks. 


Figure  1 2-7 


For  ^3  Between  0  and  180° 

0  <  ei  <02 


For  02  Between  180  and  360° 
02  <  02  <  360 


Velocity  Diagrams 

Figure  12-8 


This  graph  shows  the  Velocity  Ratio  of  V2/V1  for  a  given  striation  angle  of 
25  degrees,  while  allowing  the  estimate  of  the  impact  angle  02  to  vary  from 
1  to  24  degrees.  Note  that  as  the  value  of  02  approaches  03,  the  VR  becomes 
more  sensitive  to  small  changes  in  02. 


V2=  VR 
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Figure  12-9 


SS  63  is  the  angle  of  the  striation  narks,  ^is  ^aph  also 
r^StsI!  =  210  degrees.  It  was  plotted  using  equation  12-7. 


Figure  12-10 


e?  -  the  characteristic  shape  of  the  Velocity  Ratio  Equation  for 

valu^^  ,  We  have  calculated  a  VR  for  all  possible 

(the  angle  of  the  velocity  vector  of  boat  2).  Remember  that  63 

thai^Jho  marks.  This  graph  is  flatter  at  the  bottom 

than  the  one  if  Figure  12-10. 


This  graph  shows  the  characteristic  shape  of  the  Velocity 

fti  -  45  decrees  and  225  degrees.  It  is  much  narrower  at  the  tose  than 
Se  in  ?!^e  12-11  or  Fl^a  12-10  and  has  a  dlff^ent  minimum  value 

for  Se*^VK.  RCTie^r  that  63  is  the  angle  of  the  striation  marks. 


Figure  12-12 


diagrams  that  follow  illustrate  how  to  determine  the  minimum  values 
of  the  VR  for  varying  values  of  $3  (the  striation  angle). 

For  0  <  d3  <  90: 


The  minimum  VR  is  equal  to  one. 

Note  that  0  <  62  <  63  for  this  range  of  63,  and  0  <  62  <  90. 
The  minimum  VR  is  undefined  when  63  =  zero. 

Figure  12-1 4(a) 


For  90  <  03  <  180: 


The  minimum  VR  occurs  when  03  =  02  +  90. 

The  minimum  value  of  VR  approaches  zero  as  03  approaches  180. 
Note  that  0  <  02  <  03  for  this  range  of  03,  and  0  <  02  <  1 80. 
The  minimum  VR  is  undefined  when  03  =  180. 

Minimum  Values  of  the  Velocity  Ratio  (VR)  for  03 

Figure  12-1 4(b) 


For  180  <  63  <  270: 


The  minimum  VR  occurs  when  63  =  62  -  90. 

The  minimum  value  of  VR  approaches  one  as  63  approaches 

Note  that  63  <  62  <  360  for  this  range  of  63,  and  180  <  62  <  360 

The  minimum  VR  is  equal  to  one  when  63  =  270. 


Figure  12-1 4(c) 


For  270  <  63  <  360: 


The  minimum  VR  is  equal  to  one. 

Note  that  63  <  62  <  360  for  this  range  of  63,  and  270  <  62  <  360. 
The  minimum  VR  is  undefined  when  63  =  360. 

Minimum  Values  of  the  Velocity  Ratio  (VR)  for  63  (continued) 


Figure  12-1 4(d) 


possible  value  of  the  VR  for  values  of  03  (the 
the  VE  must  S  betweS"?  Sd”l?  degrees.  The  minimum  values  for 


Possible  values  of  03  in  degrees 


Figure  12-15 


Minimum  values  of  VR  for  ©3  between  90  and  180  degrees,  and  tbe 
corresponding  values-  of  ©2 ,  Note  ttiat  for  these  values  of  63  that 
©2  =  63  -  90  degrees. 


Figure  12-1 6(a) 


Minimum  values  of  VR  for  03  between  90  and  180  degrees,  and  the 
corresponding  values  of  02.  Note  that  for  these  values  of  03  that 
02  =  03  +  90  degrees. 
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Figure  12-1 6(b) 


From  the  diagrams  above,  find  the  correlation  between  the  angles  A,  B,  and  C  and  the 
angles  62  and  63. 

Find  A: 

A  =  62,  by  observation 
Find  C: 

C  =  180-^3 
Find  B: 

A  +  B  +  C  =  180 

substitute  the  values  above  for  A  and  C: 

[62]  +  B  +  [180  -  63]  =  180 

B  =  180 -62 -(180 -63) 

B  =  63  -  62 


Note  that  side  b  corresponds  to  VI ,  and  has  a  value  of  1 . 

Note  that  side  c  corresponds  to  V2,  and  side  a  corresponds  to  S  (the  striation  vector). 
From  the  Law  of  Sines: 


a  ^  b  _  c 
sinA  sinB  sinC 


VVe  really  need  to  determine  the  length  of  side  c,  which  is  equivalent  to  V2.  Remember  that 
since  VI  =  1  by  convention,  that  V2A/1  =  V2/1  =  V2  =  VR. 


Now  substitute  the  values  for  B  and  C  into  the  Law  of  Sines  equation: 

_£_=_A_ 

sinC  sinfi 

_ V2  ^  1 

sin(180-»3)"sin(fl3-»2) 


\/2=VR=  sin{1 8O“03) 
sin  (03 -02) 


Geometric  Derivation  of  the  VR  Equation 
For  0  <  03  <  180 


Figure  12-17 


From  the  diagrams  above,  find  the  correlation  between  the  angles  A.  B,  and  C,  and  the  angles 
92  and  93. 


Find  C: 

C  =  03  -  1 80 


Find  A: 

A  =  360  -  92 

substitute  the  values  above  for  A  and  C: 


Find  B: 

A  +  B  +  C  =  180 

B  =  180 -[360 -02] -[03 -180] 
B  =  02  -  03 


Note  that  side 
Note  that  side 


b  corresponds  to  VI,  and  has  a  value  of  1 . 

c  corresponds  to  V2,  and  side  a  corresponds  to  S  (the  striation  vector). 


From  the  Law  of  Sines; 


a  _  b  _  c 
sinA  sinS  sinC 


We  really  need  to  determine  the  length  of  side  c,  which  is  equivalent  to  V2.  Remember  that 
since  VI  =  1  by  convention,  that  V2/V1  =  V2/1  -  V2  -  VR. 

Now  substitute  the  values  for  B  and  C  into  the  Law  of  Sines  equation: 

c  _  b 
sinC  sinS 


V2  _  1 

sin(e3-180)  sin(02-63) 


V2=VR= 


sin(63-180) 
sin (02-03) 


Geometric  Derivation  of  the  VR  Equation 
For  180  <  03  <  360 


Figure  12-18 


# 


Figure  12-19 


The  Trajectory  for  the  Minimum  Threshold  Velocity. 


Launch  Angles  may  be  Predictable  Based  on  Collision  Geometry. 

Figure  12-20 


CHAPTER  13 


FIELD  ACCIDENT  CASE  STUDIES 


13.0  Introduction 

The  foundation  for  much  of  the  data  presented  in  this  report 
concerning  actual  collisions  is  based  on  two  important  areas.  The 
first  area  is  data  obtained  from  earlier  experimental  collisions 
which  were  conducted  by  UL  in  conjunction  with  the  Florida  Marine 
Patrol.  These  collisions  were  conducted  before  the  beginning  of 
work  conducted  under  this  USCG  grant.  These  collisions  were 
conducted  primarily  as  training  exercises.  Funds  and  resources 
were  not  available  to  provide  instrumentation  on  the  boats  at  that 
time.  Video  data  was  obtained  which  provided  an  overall  perspective 
of  certain  trends  and  tendencies.  The  second  area  from  which  much 
of  the  data  was  developed  was  from  studies  of  field  accidents  of 
actual  collisions.  This  chapter  will  discuss  the  field  studies  in 
more  detail. 

The  field  accident  case  studies  were  important  for  many 
reasons.  These  studies  provided  the  researchers  with  a  first  hand 
look  atthe  problems  faced  by  marine  law  enforcement  officers,  who 
are  usually  the  ones  called  upon  to  investigate  boating  collision 
accidents.  The  procedures  which  were  developed  for  collecting  and 
analyzing  data  were  based  largely  on  the  experience  gained  during 
the  case  studies  of  the  field  accidents.  A  study  of  the  aftermath 
of  real  accidents  was  essential  to  ensure  that  any  theories  or 
methods  of  reconstruction  were  based  on  realistic  data  and 
situations.  The  field  studies  were  a  valuable  learning  tool.  ! 

I 

Most  of  the  analytical  techniques  and  explanations  regarding! 
collision  accident  reconstruction  are  explained  in  various  chapters 
and  sections  in  this  report.  The  purpose  of  this  chapter  is  not  to 
provide  an  example  of  how  to  write  up  investigative  reports.  To 
present  a  detailed  reconstruction  for  every  accident  would  repeat 
much  of  the  earlier  material  presented.  Instead,  each  accident 
case  study  will  contain  an  overview,  and  a  discussion  of  the 
evidence  or  other  data  which  was  unique  and  valuable  for  that 
particular  accident. 

The  study  of  the  field  accidents  helps  to  illustrate  the 
magnitude  of  the  problem  of  boat  accident  reconstruction.  Several 
years  ago,  when  the  subject  of  boat  accident  reconstruction  was 
fairly  new,  it  was  thought  by  some  that  the  directions  of  impact 
and  the  general  picture  of  what  happened  was  usually  obvious  by 
examining  the  damaged  boats.  It  was  thought  by  many  that  the  only 
real  unknown  was  the  estimated  speed  of  the  boats  involved.  The 
case  studies  of  the  field  accidents  revealed  how  complex  it  can  be 
to  determine,  even  in  general  terms,  what  happened.  In  more  than 
one  accident,  at  least  two  distinctly  different  scenarios  were 
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thought  possible 

-uch  work  remain,  to  be 

doS  beiorrall  accident  ecenarioe  can  be  reconstructed. 

This  Chapter,  and  indeed  much  of  this  report,  is  unique  in 

accidents  in  which  the  methods  developed  m  tnrs  '=l>eP\e-: 

Tuirre  rett^r^cran^d 

?S  deiel4pSnt  o/ proven  and  reliable  reconstruction  methods. 

13.1  Scope 

Anv  collision  which  involved  one  or  more  recreational  ^oats 
and  resulted  in  severe  property  damage  or  serious  inDuries  wa 
potential  accident  for  study. 


13.2  Purpose 

The  overall  purpose  of  conducting  the  field  accident  studies 

:p;cr?ic^1pos^^1or"S^n^u^^?™rihe?L?^  were 

to: 

a  Identify  types  or  specific  pieces  of  evidence  which  are 
cSon  to'^'^each  accident  that  can  provide  useful 
information. 

Vi  Determine  the  best  techniques  for  documenting 

particular  type  of  damage  or  other  evidence  so  that  the 
most  information  possible  can  be  documented  in  a  s  o 
period  of  time* 

c.  Determine  the  problems  that  accident  i^|l 

face  This  was  done  to  help  ensure  that  practical 
sotaiions  wore  developed  which  took  into  account 
real-life  difficulties. 

d  Develop  a  checklist  for  use  by  the  accident  investigator 
to  help  ensure  that  the  most  critical  items  concerning 
tL  physical  evidence  of  the  collision  have  been 

documented . 
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e.  Determine  the  adequacy  of  the  current  accident  report 
forms.  Provide  input  and  areas  for  consideration  for  the 
possible  revision  of  existing  forms  or  the  creation  of 
new  ones. 

13.3  Method 


UL  received  excellent  cooperation  from  a  number  of  different 
states  which  agreed  to  contact  us  when  an  accident  fitting  our 
criteria  occurred.  Once  the  states  had  completed  their 
investigation,  a  UL  engineer  traveled  to  the  accident  site.  The 
primary  emphasis  was  placed  on  obtaining  data  from  the  boats 
involved.  Any  supplemental  data  already  obtained  by  the  state, 
such  as  photographs  and  accident  reports,  were  used  to  assist  in 
the  study  of  the  accident  when  available.  When  it  was  feasible, 
and  relevant  to  the  collision,  a  trip  to  the  accident  site  was 
made. 


The  specific  methods  used  to  document  various  types  of 
information  varied  from  one  accident  to  the  next.  The  methods  used 
the  later  accidents  were  greatly  improved  over  those  used  on  the 
first  accidents.  The  procedures  described  in  the  previous  chapter 
are  the  combined  result  of  the  lessons  learned  from  all  of  the 
field  accident  investigations. 


13.4  Summary  of  Results 

A  total  of  ten  collisions  in  eight  different  states  were 
studied.  Nine  were  actual  accidents,  while  one  was  a  staged 
collision  which  occurred  between  a  barge  and  a  motorboat.  Nine  of 
the  accidents  covered  were  Collisions  With  Another  Vessel  (CWAV) , 
while  only  one  was  a  Collision  With  a  Fixed  Object  (CWFXO) .  None 
of  the  accidents  were  collisions  with  a  floating  object.  A  brief 
summary  of  the  ten  accidents  is  provided  below: 

1.  Collision  between  two  bass  boats.  Both  boats  were 
approximately  18  feet  in  length  and  were  moving  at 
significant  speeds.  Two  fatalities. 

2.  Collision  between  a  23  foot  cuddy  cabin  cruiser  and  18 
foot  open  motorboat.  The  cruiser  was  on  plane  and  struck 
the  18  foot  motorboat  traveling  at  lower  speed.  Six  were 
injured  on  the  motorboat.  No  fatalities. 

3.  Collision  of  a  22  foot  cuddy  cabin  cruiser  with  a  steel 
channel  marker.  One  fatality. 

4.  Collision  of  a  24  foot  cuddy  cabin  cruiser  with  a  steel 
barge.  One  fatality. 

5.  A  barge  struck  an  anchored  15  foot  outboard  boat.  This 
collision  was  a  staged  collision  conducted  by  the  West 
Virginia  Department  of  Natural  Resources. 
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6. 


7. 


8. 


10. 


A  21  foot  cuddy  cabin  cruiser  impacted  an 

boaJ.  Both  bLts  were  traveling  at  moderate  speeds. 

Three  fatalities. 

A  20  foot  open  motorboat  impacted  a  20  foot  stationary 
cuddy  cabin  cruiser  from  the  rear.  No  fatalities. 

A  19  foot  open  motorboat  traveling  at 

struck  from  the  rear  by  another  vessel.  No  fatalities. 

A  20  foot  open  motorboat  struck  a  pontoon  boat.  Two 
fatalities. 

A  19  foot  open  motorboat  was  impacted  by  a  second  boat  of 
unknown  siL  which  sank  following  the  accident.  No 
fatalities. 


13.5  Field  Accident  Analyses 

For  each  collision  studied,  we  will  point  out  the  most 
important  information  unique  to  that  accident  which  was  critical  in 
its  reconstruction. 


Analysis  Goals 

The  specific  goals  of  the  analysis 
Another  Vessel  (CWAV) ,  were  primarily  to 
items : 


for  all  Collisions  With 
determine  the  following 


1.  Initial  impact  point 

2.  Impact  angle 

3.  The  speed  of  each  boat 

4.  Analyze  occupant  motions  when  possible 


For  all  Collision  With 
goal  was  to  determine,  to 
elaborating  on  any  specific 


Fixed  Object  Accidents  (CWFXO) ,  the 
the  extent  possible  what  occurred, 
important  events . 
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Accident  Number  1 : 


13.5.1.1  Abstract 

TWO  bass  boats,  both  approximately  19  feet 

?K^sSerborStrcrtre"^^^^^ 

^Jldeltow'arTeach  o?h;rr"an°d''srehow  Te  targit  boat  swerved  into 
the  path  of  the  bullet  boat. 
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The  bullet  boat  had  six  people  on  board.  Four  were  injured 
and  all  but  one  were  thrown  overboard.  One  of  the  passengers 
sitting  in  the  floor  near  the  front  of  the  boat  reported  being 
launched  up  into  the  air. 

The  target  boat  had  four  occupants  on  board.  Of  these  four, 
two  were  killed  and  one  was  injured.  The  two  fatalities  were 
probably  a  result  of  being  struck  by  the  hull  of  the  bullet  boat. 


Method  Summary 

The  damage  on  each  boat  was  gathered  and  documented.  A  scale 
diagram  of  each  boat  was  made,  and  the  damage  locations  were  noted. 
The  diagrams  show  the  top  view  of  each  boat.  This  view  is  the  best 
to  utilize  when  estimating  impact  angles  in  an  over-ride  collision. 
The  diagrams  were  first  drawn  to  scale  on  graph  paper  and  then  the 
outlines  and  critical  information  traced  onto  a  transparency. 
Analysis  of  both  diagrams  simultaneously  was  used  to  develop  a 
range  of  estimated  values  for  the  impact  angle,  based  on  the 
methods  described  in  Chapter  12 . 


13.5.1.2  Critical  Data 

Critical  Data  From  Boat  1  (Bullet  Boat) 

The  most  important  data  obtained  from  the  bullet  boat  was  the 
striations  which  were  left  on  the  bottom  of  the  forward  half  of  the 
hull.  Most  of  the  striations  were  located  on  the  starboard  side  of 
the  bullet  boat  hull.  A  few  small  ones  were  located  on  the  port 
side  near  the  bow.  Figure  13-1  and  13-2  show  the  striations. 
Since  many  of  the  striations  were  light,  and  would  not  show  up  oni 
film,  masking  tape  was  placed  next  to  the  longer  and  deeper 
striations  in  order  to  ensure  that  the  direction  of  these  scratches 
was  documented.  The  distance  of  the  striations  from  the  front  of 
the  boat  was  noted  so  that  they  could  be  properly  located  on  a 
damage  diagram.  Figure  13-2  shows  where  two  chunks  of  fiberglass 
were  removed  from  the  spray  rails.  This  type  of  damage  is 
typically  caused  when  the  bullet  boat  bottom  catches  a  deck  cleat, 
hand  rail,  or  other  hard  metal  object.  Often  the  object  on  the 
target  boat  which  caused  this  damage  can  be  located  and  identified. 
It  was  especially  significant  that  no  striations  could  be  found  on 
the  rear  half  of  the  bullet  boat  hull  bottom.  Figure  13-3  shows 
the  striations  as  documented  on  the  bullet  boat. 

A  cleat  located  on  the  starboard  side  near  the  bow  had 
fiberglass  fragments  wedged  underneath  it  as  shown  in  Figure  13-4. 
One  piece  of  the  fiberglass  contained  a  color  which  was  only  found 
in  a  decal  located  on  the  rear  of  the  other  boat. 
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c-ritical  Data  From  Boat  2  (Target  Boatj 

13-5  fow=  \h*  target  P-t 

aa^SiS^t"rorrlara•  a^  The 

damage  diagram  for  boat  is  „otea  on 

SptrffnSIf  fe-  -HSd5SS4  IiSd!-oSS'c::;^ine‘n?I 

fe;rM:\»:v^?^^?n;te‘^Ln?Ifnr^rovided  the  best  data  for 

a  reconstruction. 

This  boat  had  a  decal  near  the  gunwale  toward  the  stern  on 
SilSIng”  n"?imfltf  undamaged 

the  same  decals  on  both  sides  at  the  ;  b*^7iet  boat, 

:ifci\^e&-^o”SaSLt  rMve*  ptYtVns  ^tn'^e  tmo  boats 
during  the  collision. 

A  close  look  at  the  leading  edge  of  the  damage  to  ^he  port 

side  shows  -IdTot  rule 

angle,  and  not  straight:  on.  however,  for  this  damage  to 

^cL??  S^fargef  ^bo^J  ^ouldjnave'nad  to  bave  si|nificant^  speed 

fo:sibr?orlrea\°e  Sis  “Sprof  rm\ge  dSrinTa  SO  degree  impact  if 
the  tLget  boat  is  stationary  or  moving  very  slowly. 


other  Damage  and  Data 

The  hull  surface  of  both  boats  was  a  metal 
silver  in  the  damage. 

SSfe'emSmft^nS 

SrelSLlSrSthe  fiberglass.  ,  It  is  important  to  be  sure  not 
to  confuse  stress  cracks  with  str rations. 
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cause  separation  of  the  hull  and  deck  joints  during  earlier 
experimental  collisions.  Stress  cracks  all  along  the  hull  side  may 
also  be  visible  from  extreme  flexing  of  the  hull  side  which  also 
may  occur  during  re-entry  into  the  water.  There  was  not  sufficient 
information  to  determine  if  the  boat  rolled  as  a  result  of  the 
collision. 

The  instruments  on  the  target  boat  had  interesting  readings. 
The  speedometer  was  stuck  at  45  mph,  and  the  tachometer  was  reading 
2200  rpm.  We  were  not  able  to  remove  the  instruments  for  closer 
examination. 

Occasionally,  a  speedometer  or  tachometer  has  been  found  to  be 
stuck  in  a  position  other  than  zero  after  an  accident.  While  this 
information  is  significant  and  important  to  record,  we  have  not  yet 
gained  sufficient  information  on  "stuck  instruments"  after  an 
accident  to  determine  the  degree  of  reliability  of  their  readings. 


13.5.1.3  Analysis 

Even  without  witness  statements,  several  items  were  apparent 
from  examining  the  damage. 

1.  The  bullet  boat  went  over  at  least  a  part  of  the  target 
boat. 

2 .  The  bullet  boat  impacted  the  port  side  of  the  target 
boat. 

3.  The  target  boat  was  moving. 

The  conclusion  that  the  target  boat  was  moving  is  based  on  the 
striations  found  on  the  bottom  of  the  bullet  boat.  The  striations 
are  at  angle  to  the  centerline  of  the  bullet  boat,  which  based  on 
the  discussion  found  in  Chapter  12,  is  an  indication  that  thej 
target  boat  was  moving.  ! 

i 

The  damage  diagrams  of  both  boats  were  analyzed  to  estimate! 
the  impact  angle.  Estimates  of  a  range  of  likely  impact  angles  were 
developed.  The  range  was  estimated  to  be  between  101  and  123 
degrees,  using  the  techniques  described  in  Chapter  12,  Section  3. 

The  velocity  ratio  (VR)  of  the  two  boats,  V2/V1  was  developed 
for  varying  values  of  the  striation  angle  and  the  impact  angle. 
The  ratio  of  V2/V1  is  defined  as  the  Velocity  Ratio  (VR)  of  the  two 
boats  involved.  Figures  13-8,  13-9  and  13-10  provide  Velocity 
Ratio  charts  showing  the  sensitivity  of  the  velocity  ratio  (V2/V1) 
for  values  of  02  of  101,  112  and  123  degrees  respectively.  The 
charts  actually  show  the  VR  as  V2.  Remember  since  that  VI  =  1  by 
convention,  V2  =  VR.  These  values  are  computed  from  the  velocity 
ratio  equation  found  in  Chapter  12. 
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o'f^UneTrat! 

the  ^The  information  in  the  velocity 

in  the  impact  angle  analy  •  nredict  the  magnitude  of  V2, 

ratio  charts  is  important,  “  tio  is  to  slight 

but  to  determine  how  sensitive  the  velocity  rario 

ejprors  in  measurement. 

in  all  three  velocity  ThVs^'ls'' tL^meiSjeS 

^jfiJtion^ngirpYus  or" minus  approximately 

horizontal  axis.  The  value  i  is  actually  03. 

nv,  Hri  -i-h^h  Charts  tell  us?  Look  at  Figure  13-8.  If  the 
What  do  the  charrs  x.e±±  ^  V2/V1  =  1.066.  This  means 

value  of  03  is  139  degrees,  times  that  of  VI.  Or  stated 

that  the  magnitude  ot  V2  1.066  times^that  of^^^ 

another  way,  if  the  speed  ppmember  that  while  the  actual 

boat  2  was  50*1.066  or  p.3  mph  ^^^J^'^^^b^rthat  go  into  them 
calculations  may  i’®  ^  '  ^his  technique  should  not  be 

are  only  approximations  ‘^®®Vi^c:  „^th  areat  precision^  These 

presumed  to  produce  velocity  ratios  with  great  precisi 

methods  produce  only  approximations. 

xn  i^mv-inrt  at-  all  three  charts,  we  can  develop  a  table  that 

will  S?  u^nr  a<^f  te^-^u^  guasses  ^ 

S"L!“a"nd-ai?o;ii^r 


Velocity  Ratio  Sensitivity 


V2/V1 

1.321 

1.066 

0.862 

1.920 

1.445 

1.109 

3.770 

2.380 

1.640 


for 

to  produce  accurat  vn/s+-uppr\  o  8  62  and  3.77  if  we  consider  a  range 
the  velocity  ratio  isjDetween  0.862  and  3 .  /  /  ii^  ^ 

of  impact  angles  striation  marks^of  plus  or  minus  five 

S;g?eSr^\  m?re%racti^^  th^tfr^get  boaf  %o"at  t)  "Sas 

S;Ln^ray?3rmVr‘'V/?rngrin“4i‘rera^pre  is 'a  resuA  of 
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allowing  both  variables,  02  and  93,  to  vary  by  10  degrees.  Note 
that  if  the  impact  angle  (92)  were  known  with  certainty  to  be  101 
then  the  striation  angle  variance  of  10  degrees  would 
produce  a  narrower  range  of  velocity  ratios  from  0.862  to  1.321. 

A  more  likely  scenario  is  that  the  investigator  can  accurately 
measure  the  striation  angles,  and  allow  the  impact  angle  to  vary  by 
10  degrees  in  his  estimate. 

This  brief  example  shows  how  critically  important  it  is  to 
properly  measure  the  angle  of  the  striation  marks  relative  to  the 
centerline  of  the  boat.  Just  a  few  degrees  can  make  a  huge 
difference  in  the  velocity  ratio. 

Even  with  the  range  in  VR  calculated  above,  we  can  see  that 
boat  2  was  traveling  at  a  speed  of  at  least  86%  that  of  VI.  This 
information  can  be  useful  if  the  target  boat  operator  claims  to 
have  been  sitting  still. 

During  the  collision,  several  events  may  have  occurred  which 
make  it  slightly  more  difficult  to  precisely  pin  down  the  speeds 
and  impact  angles. 

The  bullet  boat  may  have  rotated  slightly  counter-clockwise  as 
the  penetration  progressed.  The  velocity  of  both  the  bullet  boat 
and  the  target  boat  may  have  decreased  slightly  during  the 
collision. 

Figure  13-11  shows  the  most  likely  path  of  the  bullet  boat 
across  the  target  boat.  Note  that  the  rear  portion  of  the  bullet 
boat  never  reaches  the  target  boat.  This  means  that  the  outdrive 
never  penetrated  the  target  boat  in  any  region. 

The  initial  impact  point  most  likely  was  the  leading  edge  of 
the  damaged  area  on  the  target  boat's  port  side.  If  we  assume  that; 
this  is  correct,  then  we  have  a  basis  for  further  establishing  ani 
impact  angle.  We  now  have  one  more  piece  of  information  to  help  I 
substantiate  which  of  the  values  for  62  is  correct.  For  this! 
particular  accident,  it  is  probably  safe  to  assume  that  the  bow  of, 
the  bullet  boat  made  first  contact  with  the  side  of  the  target* 
boat.  While  not  totally  conclusive,  the  damage  diagrams  show  that 
it  is  possible  that  the  bow  of  the  bullet  boat  impacted  the 
steering  wheel,  and  the  scratches  on  the  port  side  of  the  bullet 
boat's  bow  were  caused  by  impacting  the  depth  finder.  Remember  that 
the  striations  on  the  bottom  of  the  bullet  boat's  hull  actually 
indicate  the  relative  direction  in  which  the  bullet  boat  traveled 
across  the  top  of  the  target  boat.  Look  at  the  damage  diagram  for 
the  target  boat  shown  in  Figure  13-7.  If  we  draw  a  line  from  the 
initial  impact  point  to  the  steering  wheel,  then  we  have  a 
projected  path  for  the  bow  of  the  bullet  boat.  Unless  significant 
rotation  of  one  or  both  boats  occurred  during  contact,  this  line 
should  be  parallel  with  the  striations  on  the  bottom  of  the  bullet 
boat.  This  exercise  shows  predisposition  toward  the  impact  angle 
(92)  of  101  degrees.  It  is  not  conclusive  however,  because  it 
would  require  a  slightly  greater  impact  angle  for  the  last 
striations  on  the  bottom  of  the  hull  of  the  bullet  boat  to  make 
contact  with  the  lower  unit. 
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13.5.1.4  Summary 

Witness  statements  initially  estimated  Jhe  spssd  of  the  bullet 

boat  at  approximately  25  mph^and  the  targe^^o^  charts,  using  the 

LasurJHtrTation  ang/e  TveToti^y^atlo'cLsi 

v,  11,^4-  Vh/-va+-  This  analysis  also  assumes  an  initial  impacr  point  o 
Se  lL^et  boa?  at  leading  edge  of  the  damage,  approximately 

seven  feet  aft  from  the  bow. 

we  were  not  able  to  perform  this 
at  the  scene  of  the  accident,  which  means  that  ^ust 
of  tL  real  world,  much  information  rem^ains^on^.he^b^^ 
needed  confirm  this  analysis.  P  steerinq  wheel  on  the 

damaged  boats,  closer  ^  of  the  bullet  boat  made 

rS“s  S  EHHfIsssr 

iES“lSEvSlSlSs 

Soiid.  This  previnted  our  researchers  from  getting  a  ^ood  look  at 
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Accident  No.  2: 


13.5.2.1  Abstract 

A  23  foot  cuddy  cabin  cruiser  impacted  a  19  foot  open  ski 
boat.''  cruiser Jruck  the  sKi  boat ^n^^^ 

SSf p^ttSu^rlstSl  In  the  stern  of  the  ski  boat. 

illUslonl’'\he°frui''sTr%on''ta^^^^^^^  neither  one  was 

hurt  seriously. 

Witness  statements  claimed  that  the  ski  boat  was  barely 

s"tTted'^L^™?=in%l"e,“b?^^^  sKwIi  “s 

even  had  time  to  think  to  raise  the  lower  unit  on  his  I/O  as  it  was 
sliding  across  the  ski  boat. 
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accident  happened  near  shore,  and  both  boats  rested  in 
Shallow  water  among  a  group  of  mangroves.  The  mangroves  caused 
damage  to  the  boats,  especially  to  the  cruiser.  Figures 
13-12  and  13-13  show  overall  views  of  the  cruiser  and  ski  boat 
respectively. 


Method  Summary 

Damage  from  both  boats  was  documented  and  photographed  for 
later  reference.  Damage  diagrams  for  both  boats  were  created  using 
the  same  techniques  as  described  in  Accident  No.  1.  The  accident 
diagrams  and  photographs  were  analyzed  carefully.  A  striation 
analysis  was  developed  to  provide  guidance  in  determining  the 
possibility  of  various  scenarios.  Methods  described  in  chapter  12 
were  used  for  the  documentation  process. 


13.5.2.2  Critical  Data 

Critical  Data  from  Boat  i 

Boat  1,  the  bullet  boat,  was  a  23  foot  I/O  cuddy  cabin 
cruiser.  The  most  noticeable  damage  to  the  cruiser  besides  that 
caused  by  the  trees  it  brushed  against  was  a  series  of  colorful 
striations  on  the  port  bow.  These  marks  were  unusual  since  they 
appeared  to  be  nearly  vertical.  The  coloring  of  the  markings 
matched  the  colors  in  the  decal  of  the  struck  boat.  These  markings 
were  not  just  along  the  edge  of  the  hull  near  the  bow,  but  extended 
back  for  approximately  18  inches. 

Virtually  all  of  the  striations  and  noticeable  damage  to  the 
cruiser  on  the  bottom  was  on  the  port  side.  Several  different  sets 
of  striations  were  located  and  documented  on  the  bottom  of  the 
hull. 


The  bow  eye  on  the  cruiser  was  bent  noticeably  to  starboard. 
Striations  were  also  noted  around  the  bow  eye  with  the  same 
coloring  as  the  coloring  on  the  struck  boat. 

^  The  chine  along  the  port  side  suffered  severe  scraping  for  a 
distance  of  two  feet,  beginning  about  five  feet  from  the  stern  and 
extending  until  approximately  seven  feet  from  the  stern.  The 
scraping  was  indicative  of  fiberglass  which  has  rubbed  across  a 
metal  surface. 

The  outdrive  incurred  a  significant  chip  in  the  leading  edge 
of  the  lower  unit,  and  part  of  the  bracketry  was  fractured.  More 
damage  was  visible  on  the  port  side  of  the  outdrive  than  the 
starboard  side.  Photos  and  documentation  of  these  items  proved  to 
be  very  important  in  the  analysis. 
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In  the  interior  of  the  cruiser,  a  small  table  mounted  on  a 
single  post  had  broken.  The  heavy  table  top 

sinale  post,  which  had  given  way  at  its  mountings  in  the  floor  a 
illlcl  The  angle  at  which  the  post  was  leaning  was  a  posjible 
indicator  of  the  principal  direction  of  force  and  possibly  the 

impact  angle. 

TTr^nn  imnact  the  operator  was  thrown  forward  and  to  port.  In 
fact  he  struck  the  companionway  doors  which  closed  off 
SSh-  hS  direction  of  travel  in  the  boat  was  roughly  parallel  to 
the  direction  in  which  the  table  post  was  leaning. 

Of  special  value  in  this  accident  were  cruise? 

eS'Ld^d'partiaUy  LSlng  on  th/shi  boat.  The  Phot^/JPf 
valuable  because  they  showed  the  final  rest  positions  and  t 
which  were  impacted.  It  was  also  apparent  from  the  photos  that  one 
or  both  boats^may  have  been  touching  the  bottom  in  their  final  re 

positions. 


critical  Data  From  Boat  2 

The  condition  of  the  target  boat  following  the  collision  "was 
a  nes™  to  put  it  in  non-technioal  terms.  The  hull  =tdes  con^le 

windshield;  seats,  and  railings  had  all  of^the 

normal  positions  and  thrown  toward  the  aft  port  quarter 

boat . 

The  starboard  bow  was  badly  damaged.  A  large  vee  shaped  cut 
was  carded  fnto  the  hull.  The  forward  edge  of  the  vee  shaped 

cut-out  was  a  notch  shaped  cut  as  shown  in  Figx^  tf  ViooV  nn 

notch  was  believed  to  have  been  from  penetration  of  the  bow  hook  o 

the  bullet  boat. 

Damaae  to  the  starboard  rear  quarter  near  the  stern  as  shown 
in  Fiaure\3-15  may  have  been  the  area  where  the  outdrive  impacted, 
iSwlvl^r  investigators  informed  UL  that  rescuers  on  the  scene  had 
triitekllY  cut  part  of  the  ski  boat  out  of  the  way  in  order  to 
get  to  occupants  trapped  in  the  wreckage, 

bItSein  impact^Lma\^e  and  damige  causel  by  the 

ft 

much  cleaner  as  though  a  saw  had  been  used. 


13.5.2.3  Analysis 

Initial  Impact  Point 

The  damaged  area  on  the  starboard  bow  ?/.  ^ 

in  Fiaure  13-13  is  believed  to  be  the  initial  impact  area.  The 
iotoh  irthe  forward  most  part  of  the  "V"  shaped  section  is  likely 
where  the  bow  hook  of  the  bullet  boat  passed  through.  Dimensions 
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of  the  hole,  and  the  bow  eye  on  the  bullet  boat  were  documented  and 
analyzed.  The  notch  is  nearly  identical  in  size  to  the  bow  eye  on 
the  bullet  boat.  Note  that  this  notch  is  not  vertical,  but  angled 
down  and  toward  the  bow.  The  bow  eye  on  the  bullet  boat  was  bent 
to  starboard,  indicating  that  it  had  likely  made  contact  with  the 
hull.  Striations  on  the  bow  of  the  bullet  boat  as  shown  in  Figure 
13-16,  appeared  to  be  nearly  vertical  when  viewed  with  the  boat  on 
the  trailer  after  the  accident.  These  striations  extended  for  12 
to  18  inches  on  the  bow,  still  in  the  vertical  direction.  This 
indicates  the  entire  area  was  in  contact  with  the  target  boat  at 
the  same  time.  Figure  13-17,  shows  how  the  initial  contact  might 
have  been  possible  to  account  for  this  damage.  This  theory  is 
further  supported  by  the  shape  of  the  notch.  The  shape  of  the 
notch's  cut  from  the  bow  eye  closely  matches  the  profile,  not  the 
straight  on  view  of  the  bow  eye. 


Estimated  Speeds 

Since  the  bullet  boat  remained  partially  on  top  of  the  target 
boat,  it  is  likely  that  this  was  a  moderate  speed  impact,  as 
opposed  to  a  high  speed  one.  Based  purely  on  subjective  data 
gathered  from  earlier  experimental  collisions,  the  speed  of  the 
bullet  boat  was  probably  between  15  and  25  mph.  In  other  words,  20 
mph  plus  or  minus  five.  Again,  this  is  only  an  estimate.  If  the 
bow  of  the  bullet  boat  had  impacted  the  trees  on  the  shoreline 
before  clearing  the  target  boat,  the  speed  estimates  could  have 
been  much  higher! 

A  difficult  question  to  answer  is  the  speed  of  the  target 
boat.  Witnesses  aboard  the  ski  boat  claimed  that  their  boat  was 
either  sitting  still  or  cruising  at  idle,  and  that  the  cruiser 
struck  them  nearly  head  on.  The  hypothesis  was  formulated  that  the 
ski  boat  was  traveling  forward  at  the  time  of  impact.  Several 
indicators  are  present  to  support  this.  For  one,  the  clean  notch  in 
the  bow  of  the  ski  boat  would  not  have  been  visible  if  the  ski  boat 
had  been  sitting  still.  If  the  ski  boat  were  stationary,  the 
remainder  of  the  bullet  boat  passing  through  that  area  would  have 
wiped  out  the  initial  notch  and  ”V''  formed  so  neatly  in  the  bow. 

The  striation  marks  on  the  bottom  of  the  bullet  boat  also 
indicated  that  the  target  boat  was  moving.  The  nearly  vertical 
markings  on  the  bow  of  the  bullet  boat  were  only  on  the  port  side. 
The  starboard  side  of  the  bow  had  no  indications  of  any  contact 
with  the  other  vessel.  The  target  boat  would  almost  certainly  have 
had  to  have  some  forward  velocity  to  produce  this  effect. 

Several  different  sets  of  striation  marks  were  located  on  the 
bottom  of  the  bullet  boat  hull.  Almost  all  of  them  were  on  the 
port  side  of  the  hull  bottom,  and  virtually  no  damage  at  all  was 
found  on  the  starboard  side  of  the  centerline  on  the  hull  bottom. 
The  exception  was  some  striations  toward  the  stern  which  likely 
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occurred  once  the  f  jt^'l^tiormarks  ?urth^^  o'Se 

^:?^hortLlrrryat.|^f  ot^e  .uu,  u™r^^ 

S?rra\il=n  rctrr%rrx5“d;.r;er  Figures  X3-lSa  and 

13-18b. 

Fidure  13-19  shows  the  striations  that  were  documented  on  the 

?L“mplS^fSle-^°obviiuslyrihis  is  not  sutficlent  information  on 
wKchTo  baseman  analysis,  but  it  should  be  considered. 

TVi^h  Hamaae  to  the  chine  was  possibly  caused  by  scraping  along 
the  side  windshield  frame.  The  object  "blch  did  this  damage  was 

ShJr  harS  meUaroSject  capable  of  creating  this  type  of  damage. 

ThP  onerator  of  the  bullet  boat  claimed  to  be  in  a  hard  turn 

ilssssfsftsSII 

245  and  260  degrees  respectively.  No  data  is  avail  n 

conclusively  what  would  have  happened  to  to 

A  striation  analysis  in  this  type  of  thi 

Jude"la?erafly  T«i°h  r'LYpect 'J°a  VVyiTs 

matnlai\\^dr‘T\^s"comb].ytiro^ 

r|ood“erorst“i:i?o;s”lcciiL"ralrly  far  forward  on  the  bullet 
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boat  can  be  used  to  provide  an  indication  of  the  impact  angles. 
This  impact  angle  would  be  the  angle  between  the  centerlines  of  the 
two  boats  when  the  portion  of  the  hull  where  the  striations  are 
located  made  contact.  The  striation  angles  could  be  affected  by 
any  rotation  which  may  have  already  begun.  The  further  forward  the 
striations,  the  less  severe  this  effect  is  likely  to  be  for  this 
scenario. 

Consider  the  damage  diagram  in  Figure  13-19.  Based  on  a 
striation  angle  of  215  degrees,  we  will  consider  that  the  impact 
angle  could  have  been  anywhere  between  216  degrees  and  350  degrees 
(350  degrees  would  be  nearly  a  head  on  collision) .  Figure  13-20 
shows  a  plot  of  the  velocity  ratio  for  this  range  of  angles. 

The  closer  the  impact  angle  is  to  the  striation  angles,  the 
higher  the  velocity  ratio.  Analysis  of  the  damage  diagrams  favored 
an  impact  angle  between  254  and  300  degrees.  Figure  13-21  shows 
the  VR  for  impact  angles  from  240  to  320  degrees.  This  is  simply 
a  more  detailed  look  at  a  portion  of  the  graph  shown  in  Figure 
13-20.  For  an  impact  angle  of  254  degrees,  the  VR  is  0.911.  Refer 
to  Figure  13-22  and  Figure  13-23  to  see  how  these  angles 
determined  the  damage  done  to  the  target  boat.  For  an  impact  angle 
of  300  degrees,  the  velocity  ratio  is  0.576.  Note  that  this  value 
is  closest  to  the  lowest  possible  VR  for  these  striations  which  is 
0.574.  Thus,  the  target  boat  was  traveling  at  a  speed  of  at  least 
.57  times  that  of  the  bullet  boat,  assuming  that  our  striation 
angle  measurements  are  correct. 

In  this  accident,  both  parties  gave  estimates  of  their  boat's 
speed,  which  if  accurate,  would  have  established  the  VR  for  this 
collision.  Figure  13-20  shows  that  there  is  a  wide  range  in 
possible  values  for  the  impact  angle  that  would  result  in  little 
change  in  the  VR.  If  the  VR  charts  had  shown  a  narrower  range  of 
impact  angles  for  an  estimated  VR,  an  estimate  of  the  actual  impact 
angle  could  be  obtained.  This  accident  shows  us  that  if  an 
estimate  of  the  VR  were  obtained  based  on  witness  statements,  that 
the  corresponding  impact  angles  could  be  determined.  The  estimated 
impact  angle  may  be  fairly  accurate  if  the  collision  geometry  was 
such  that  the  VR  changed  rapidly  with  only  a  slight  change  in  the 
impact  angles.  Figure  13—10  is  an  example  of  a  VR  chart  where  the 
VR  varies  greatly  with  only  a  slight  change  in  impact  angle. 
While  the  velocity  ratio  diagrams  for  this  accident  do  not  help  us 
provide  a  narrow  range  of  estimates  for  the  impact  angle,  they  do 
help  to  establish  a  minimum  VR  of  0.574  that  changes  little 
throughout  the  range  of  possible  impact  angles.  This  information 
is  especially  useful  since  we  are  fairly  certain  that  the  bullet 
boat  was  on  plane  at  the  time  of  impact. 

It  is  important  to  notice  what  is  not  damaged  on  the  target 
windshield  frame  for  the  forward  part  of  the  side 
windshield  on  the  port  side  of  the  target  boat  is  still  standing. 
This  indicates  that  either  the  bullet  boat  went  completely  over  the 
top  of  it  that  is  went  off  to  the  side.  Since  the  bullet  boat  was 

psi^tly  resting  on  the  target  boat,  it  is  reasonable  to  assume 
that  it  did  not  have  sufficient  velocity  nor  the  proper  heading  to 
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side. 


13.5.2.4  Summary 

Based  on  experience  with  past  collisions,  the  bullet  boat 
p.o.a^?r«as°"t4v^lin,  between  15  and 

a  measured  striation  angle^of  d^g^^  target  boat  would 

velocity  •  '  ,  '  consider  the  impact  angle  of 

have  been  between  8  and  15  ^  g.,  the  target  boat 

plane  at  impact. 

on  tbrb:i^«  ft  ffeff  f  ofe  -  i'teTf 

rSiaf  “  of 

range  of  estimated  speeds  for  each  boat.  In  fA®:  '  Jtill  at 

fai?ly  certain  that  the  target  boat  was  not  sitting  still 
impact.  It  was  probably  traveling  at  least  eight  mph. 
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Accident  No.  3: 


13.5.3.1  Abstract 

A  22  foot  long  V-hull  I/O  with  a  small  cuddy  cabin  impacted  a 
12  inch  steel  I-Beam  that  was  supporting  a  channel  marker.  An 
overrit  vfew  of  thf undamaged  side  of  the  boat  is  shown  in  Figure 
The  accident  occurred  at  night  on  a  narrow  channel.  An 

The  passenger  was  thrown  out  of  the  boat  at  impact,  and 
f  f  if  v' strucif  the f-B®’”-  I’"®  Pao®®Pg®P  fatally  injured. 

The  operator  suffered  only  minor  injuries  and  was  believed  to  have 
been  intoxicated  at  the  time  of  the  accident. 

Witnesses  on  shore  reported  seeing  the  boat  running  around  the 
channel  in  tight  circles  until  it  sank  in  shallow  water.  The  boat 
was  badly  holed  from  the  accident  and  sank  soon  after  impac  . 

The  channel  marker  struck  by  the  boat  was  later  found  with  the 
top  of  the  I-Beam  even  with  the  water  s  surface.  ^  -hho 

similar  channel  markers  were  an  estimated  8  to  12  ^ 

wafer  The  markers,  battery  pack,  and  light  normally  attached  to 
Sfm^rkefposfwere  missing":  Apparently  the  boat  had  either  bent 
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the  channel  marker  during  impact  or  simply  pushed  it  over.  The 
latter  seems  much  more  likely,  one  of  the  diagonally  shaped  pieces 

of  plywood  originally  attached  to  the  marker  was  later  found  washed 
up  on  shore. 


13.5.3.2  Critical  Damage  to  the  Boat 

^  The  channel  marker  clearly  demonstrated  its  superior  strength 
in  this  battle  of  fiberglass  versus  half  inch  thick  steel.  The 
I-Beam  penetrated  the  bow  just  beneath  the  hull  deck  joint  about  2 
feet  to  the  right  of  the  centerline.  About  four  feet  back  from  the 
bow,  the  top  of  the  beam  penetrated  the  foredeck.  The  beam 
penetrated  the  lower  portions  of  the  hull  in  a  line  much  closer  to 
the  centerline  of  the  boat.  The  beam  penetrated  the  hull  for  a 
distance  of  approximately  11  feet,  at  which  point  it  exited  out  of 
the  starboard  side  of  the  boat  rather  abruptly.  A  view  of  damage 
done  to  the  foredeck  may  be  found  in  Figure  13-25.  The  portion  of 
the  hull  where  the  beam  exited  is  shown  in  Figure  13-26. 


The  propeller  was  badly  damaged.  The  blade  tips  were 
flattened  as  if  they  had  hit  the  steel  I-Beam.  The  bottom  of  the 
hull  had  striations  on  the  port  side  well  away  from  the  area  where 
the  I-Beam  had  penetrated. 

The  speedometer  and  tachometer  were  examined  using  an 
violet  light  for  any  signs  of  needle  slap.  None  was  found. 
The  engine  and  equipment  in  the  engine  compartment  was  examined  for 
any  signs  of  slippage  or  movement  in  an  attempt  to  ascertain  the 
principle  direction  of  force  and  gain  possible  estimates  of  the 
magnitude,  of  deceleration.  The  engine  had  not  shifted  a 
discernible  amount.  Loose  equipment  in  the  engine  compartment  had 
shifted  from  its  original  position,  but  since  the  vessel  sank,  it 
was  not  possible  to  determine  where  things  were  just  after  impact. 


13.5.3.3  Analysis 


The  purpose  of  this  analysis  was  to  answer  the  following 
questions: 


1 .  What  was  the  speed  at  impact? 

2 .  Was  the  boat  turning  at  impact? 

3.  What  caused  the  inconsistent  damage  to  the  bottom  of  the 
boat  and  to  the  propeller? 

Speed  Estimates 

There  are  two  approaches  that  could  be  used  to  estimate  the 
speed  of  this  boat  at  impact.  Unfortunately,  both  methods  require 
data  that  is  difficult  to  obtain.  The  first  method  depends  on 
finding  indicators  inside  the  boat  that  can  be  used  as  an  estimate 
of  the  deceleration  rate  of  the  boat.  This  could  be  as  crude  as 
needle  slap  on  the  speedometer,  or  a  fixture,  bracket,  or  bolt  that 
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was  broken  due  to  dynanic 

that  could  be  tested  in  a  laboratory  to  determine  tn^^^^^g 

must  be  interpreted  accordingly. 

a.„.s.s  ‘.-."i.-  SK  HHISS^  trSS^ 

H"SrTL^nK^°"'ihHeiL"2pe^  ?hf  boL\ai''«Ive!?ng?’'!t"had“J 

?a?hei'^  long  -H^Jance  to  ^^alT  w\^s“in 

^hfbo;?,^\u^""he  distance  th^t  the  post  moved  while  being  pushed 

?I?ur^^^^7“^o:v  horr  e?t‘’ii‘itT\^^^^^ 

khe^l  w-“^s^:.reV-oi"thrb^o-^^^  a^/ntrS  =^1^ 

the  middle. 

unfortunately,  no  indicators  were  located  that  would  allow  an 

spSIHs  based  on  the  amount  of  fiberglass  sheered  by  the  post. 

Mas  the  Boat  Turning? 

It  seems  like  such  a  simple  question.  *11  The'^exaS 

reSi5“"o/rhiTttucrre“s^truTloulT^^^^ 

?hi  qiL?ion  wllh  certainty.  This  data  was 

analvsis  The  structure  from  a  similar  post  ^ould  have  oe  n 
documented  carefully,  and  the  results 

r,hn,,<=  i-hP  tvoe  of  diagrams  which  would  help  to  aerermine  uiie 
Sequence  of  events  and  answer  many  other  questions 

sequence  or  eve  .  .  diagram  shows  how  the  actual 

oriiiiation  ofthe  boft  in  relation  to  the  post  can  be  determined 
The  cross  section  of  the  hull  should  \he 

°-sf  s:Slot="shrul^d°  be^i°oted.  “t^s  o^'flt”’:!  -r 

should  be  drawn  to  the  same  scale  on  a  transparency. 

exact  impact  angle  is  not  known  several  45 

marker  should  be  made,  perhaps  from  straight  on  marker 

decrees  and  90  degrees  to  begin.  The  transparency  with  the  marker 

ca?  then  be  placed  in  various  hull  cross  section  d^^wings 

damaae  oatterns  match.  This  type  of  analysis  is  still  difficult 

because^ the  shape  and  orientation  of  the  marker  changes  as  the 

collision  progresses.  This  procedure  would  l^e 

the  first  impact  locations,  since  the  marker  would  still  b 

vertical  and  basically  undamaged. 
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Damage  Analysis 


damage  on  the  bottom  of  the  hull  seemed  to 
indicate  that  the  boat  ran  over  the  I-Beam  more  than  once.  The 
boat  may  have  struck  the  beam  three  or  more  separate  times.  After 
e  initial  collision,  the  boat  went  into  circles  and  struck  either 
the  same  I-Beam,  or  another  hard  metal  object  under  water. 
Striations  were  found  on  the  bottom  of  the  boat  that  ran 
perpendicular  to  the  centerline  which  had  an  arc  shape  that  might 
be  experienced  if  the  boat  were  in  a  tight  circle. 


13.5.3.4  Summary 

K  4.  collision  was  difficult  because  the  examinations  of  the 
boat  and  the  marker  required  more  time  than  was  available.  Even 
given  weeks  to  study  and  examine  every  detail,  it  would  still  have 
been  difficult  to  determine  the  angle  at  which  the  boat  was 
turning,  if  the  boat  was  turning  at  all.  A  survey  of  the  struck 
I  would  have  told  an  interesting  story  and  contributed 
valuable  data  to  the  reconstruction. 


13.5.4  Accident  No.  4: 

13.5.4.1  Abstract 


A  24  foot  I/O  cruiser  with  a  small  cuddy  cabin  shown  in  Figure 
13-29  was  reportedly  traveling  at  high  speed  when  it  struck  a 
barge.  The  cruiser  was  reportedly  traveling  on  an  angular  course 
heading  toward  the  front  of  the  barge  as  shown  in  Figure  13-30. 

cruiser  struck  the  barge,  it  suffered  heavy  bow  damage. 
The  barge  was  traveling  forward  at  the  time  of  impact.  After, 
impact,  the  cruiser  disappeared  from  the  view  of  the  barge  i 
operator,  and  the  boat  was  seen  nearly  completely  submerged  on  the i 
port  side  of  the  barge  shortly  after  impact.  The  operator  of  the  ! 
cruiser  was  the  only  occupant  on  board  when  the  impact  occurred. - 
When  rescue  personnel  got  to  the  cruiser,  the  operator  was  not  i 
located.  The  body  was  recovered  a  day  and  a  half  later.  Alcohol 
was  a  factor  in  the  accident  and  the  cause  of  death  was  ruled  as 
drowning . 


13.5.4.2  Critical  Damage 

Damage  to  the  Cruiser: 

An  overall  view  of  the  damage  done  to  the  cruiser  is  shown  in 
Figure  13-29.  The  primary  damage  was  to  the  bow  on  both  sides 
caused  by  direct  contact  with  the  barge.  Figure  13-31  shows  that 
the  bow  was  damaged  and  had  signs  of  crumpling  on  the  surface; 
however,  no  deformations  remained  to  indicate  how  far  the 
fiberglass  surfaces  might  have  flexed.  Striations  as  shown  in 
Figure  13-32  were  found  on  the  starboard  side  and  the  bottom  of  the 
cruiser.  Additional  damage  to  the  windshield  frame  and  to  the  port 
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oiflp  of  the  boat  was  caused  when  removing  the  boat  from  the  water. 
Si  It?iaSons  werr  found  on  tho  bottom  on  the  boat  or  on  the  barge 
“mS  iiurindt^te  that  this  was  an  over-ride  type  of  accident. 

Damage  to  the  Barge 

Fiaure  13-33  shows  an  overall  view  of  the  barge  that  was 
strucbi^  single  tug  was  pushing  a  total  of  fifteen  '^r9es  The 
tow  was  three  barges  across  by  five  barges  13-30 

struck  the  first  row  of  barges  as  shown  in  °ond 

Significant  damage  was  visible  on  the  transfer 

barges  from  the  left  (facing  forward).  j?®  P®  bar^  No 

was  found  in  between  the  corners  of  barae  weL 

structural  damage  or  significant  deformations  to  the  ^^^rg®  were 
noted,  although  minor  damage  to  some  equipment  located  on  the  fron 
of  the  barge  was  reported. 


13.5.4.3  Analysis 

After  an  initial  review  of  the  damage  done  to  both  the  cruiser 
and  the  barge,  it  was  not  obvious  how  the  damage  occurred.  T 
goals  of  the  analysis  of  this  accident  were  primarily. 

1.  Determine  the  angle  of  impact.  4-v,o 

2.  Determine  the  sequence  of  events  that  resulted  in 
observed  damage  on  both  vessels. 

3.  Estimate  the  speed  of  the  boat. 

Navigation  light  analysis  on  the  barge  was  not  "®^®^  f 

the  barge  was  not  available.  Witnesses  reported  seeing  that  the 
barge  lights  and  the  cruiser  lights  were  operating. 

several  hypotheses  were  formulated  to  explain  the^  damage 
natterns  on  the  barge.  Paint  transfer  was  found  at  points  A,  B,  c, 
D?  and  E.  ass hown^ln  Figure  13-30.  The  heaviest  paint  transfer 
was  on  the  corners  of  the  two  barges  at  points  B  and  C. 
contact  was  also  evident  at  points  D  and  E.  How  did  this  damage 

occur? 

Examination  of  the  photos  of  the  barge  /howe<J  that  the 
greatest  impact  and  penetration  probably  occurred  at  ® 

C.  If  this  was  true,  then  how  did  paint  transfer  get  to  points  A, 

D,  and  E? 

One  early  theory  was  that  the  boat  initially  struck  the  barge 
at  point  A,  then  slid  along  the  leading  edge  of  the  barge  until  it 
reached  the  second  barge  at  point  B. 

This  hypothesis  was  formed  to  explain  the  paint  transfer  which 
was  found  at  point  A.  This  hypothesis  was  considered  unlikely  for 
several  reasons.  The  direction  of  motion  of  a 

traveling  at  high  speed  is  not  easily  ®h^®^ \ ®  ^ ^ 
tremendous  amount  of  inertia  and  momentum  that  will  tend  to  car  y 
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it  in  the  same  direction  it  has  been  traveling.  Thus  if  the  impact 
been  at  A,  it  is  unlikely  that  the  boat's  velocity  would 
have  been  significantly  diverted  into  a  direction  parallel  to  the 
front  of  the  barge,  and  then  changed  again  to  create  the  debris 
field  shown  in  Figure  13-34.  This  hypothesis  would  be  considered 
likely  only  if  the  impact  angle  were  nearly  parallel  to  the  front 
of  the  barge  and  the  debris  field  had  been  consistent  with  that 
direction  of  impact. 

The  diagrams  in  Figure  13-30  and  13-35  show  what  most  likely 
occurred.  The  debris  field  which  was  photographed  on  the  barge 
after  tne  accident  seemed  to  be  focused  sufficiently  to  indicate  a 
direction  of  impact.  When  stronger  emphasis  was  placed  on  the 
debris  field,  a  more  plausible  theory  came  into  consideration. 
Numerous  fiberglass  fragments,  some  several  square  inches  in  size, 
were  found  in  a  relatively  straight  line  at  varying  distances  from 
the  impact  point  on  the  deck  of  one  barge.  This  debris  field  was 
then  assumed  to  be  an  indicator  of  the  direction  of  impact.  The 
analysis  continued  based  on  the  premise  that  this  was  a  correct 
assumption,  and  any  explanation  for  the  marks  at  points  A  must  be 
consistent.  It  was  realized  that  if  the  barge  had  penetrated  deep 
enough  into  the  bow  of  the  boat,  that  the  marks  at  point  A  on 
Figure  13-30  could  have  been  possible.  However,  a  survey  of  the 
damage  to  the  outside  of  the  cruiser  did  not  indicate  that  the  bow 
of  the  boat  had  been  deflected  to  the  degree  necessary  to  account 
for  this.  ^  Deflections  of  close  to  12  inches  or  more  in  some 
portions  might  have  been  required.  The  key  evidence  was  found  when 
examining  the  inside  of  the  boat. 

Figure  13-36  shows  the  inside  of  the  boat  the  way  we  found  it 
^ftsr  the  accident.  Some  damage  was  noticeable,  but  nothing  to 
indicate  that  the  corners  of  the  barge  might  have  caved  in  the 
sides  a  distance  of  a  foot  or  more.  Fortunately,  we  had  complete 
access  to  the  boat,  and  destructive  examination  was  permitted. 
After  photographing  and  documenting  the  interior,  and  all  apparent 
damage,  we  began  to  look  deeper.  All  of  the  carpet,  padding  and 
loose  furnishings  were  removed  from  the  forward  bow  area.  The  goal 
was  to  get  down  to  the  bare  inside  of  the  hull.  It  was  hoped  that 
any  wood  in  the  structure  would  leave  behind  indicators  of  the 
degree  of  penetration.  Figure  13-37  shows  the  forward  area  of  the 
boat  with  the  carpet  removed.  The  fiberglass  horizontal  structure 
in  the  photo  shows  that  it  has  been  crushed,  and  failed  in 
compression.  The  hull  sides  of  the  boat  were  literally  pinched  and 
compressed  when  the  bow  of  the  cruiser  drove  itself  into  the  small 
gap  between  the  two  barges.  Examination  of  the  fiberglass  on  the 
inside  showed  obvious  delaminations.  The  fiberglass  layers  on  the 
inside  had  remained  in  a  slightly  compressed  condition,  and  were 
from  one  to  two  inches  away  from  the  remaining  outer  layers.  Wood 
in  various  parts  of  the  bow  structure  showed  fairly  clearly  how  far 
the  sides  had  been  deflected. 

After  viewing  the  inside  of  the  bow,  and  gaining  a  clearer 
understanding  of  the  damage  to  the  hull,  the  outside  of  the  bow  was 
again  carefully  examined.  On  each  side  of  the  bow,  it  was  apparent 
just  how  far  the  barge  had  penetrated.  The  edge  of  penetration  on 
the  port  side  of  the  bow  was  further  aft  than  on  the 
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starboard  side.  This  informaWon^was^used^to^help 

diagram  in  Figure  ^  the^  time.  No  measurements  were 

information  we  had  available  a^  the  time^  measuring  device  used 

taken  of  the  barge,  •  _  piaure  13-35  is  scaled  based 

in  the  barge  photos.  The  diagram  „r-fnt  mJde  in  the  dust  of  the 
on  the  estimated  width  of  a  P  believed  to  have  struck 

debris  field  on  the  barge.  Th  corners  of  the  barge  penetrated 

the  barge  and  continued  until  occurred,  placing  the 

into  the  bow  of  the  cru^®^-  whL  Tt  finally  stopped, 

cruiser  at  an  ^^^reased  nose  up  trim  w  thrust  the 

Since  the  barge  was  stil  mo  that  the  cruiser  simply 

stern  underwater.  It  is  al  P  ,  when  it  did  the  water 

began  to  slip  back  into  e  ,  .  Either  way,  the  boat 

entered  through  massi-v^  the  side  of  the  boat  shown  in 

began  to  sink.  The  str rations  on  tl^e  side  of  tne  o 

Figure  13-32,  and  the  ^ °  over  the 

13-30  were  probably  caused  when  the  barge  oegan 

sinking  cruiser. 

Estimated  speeds  of  crui-r  by  witness^^^  iTtely"  that^Je 

mph.  Eased  solely  leaft  20  mph.  While  the 

cruiser  was  on  plane,  .  „,?ch  faster  this  one  of  those 

cruiser  may  have  ^  m-ove  a  40  mph  velocity  based  on 

areas  that  it  would  difficult  to  ®  it  must  also  be 

“:SerertLt%^r  fu%»ct  iSal 

aSfus^daS^^wfn^  furafv-ingre^enlo^s^W^ct  speeds. 

13.5.4.4  Summary 

This  accident  showed  how  tr"ly  resilient^fiberg^^^^^^^^^ 

What  appeared  to  be  g°iencing  deflections  as  much  as 

which  had  been  badly  crush  P  ^  the  importance  of  getting 

12  inches  or  more.  It  was  a  inside  when  possible  to 

all  the  way  down  to  bhe  bare  hull  on^the^insi^^ 

examine  the  damage.  Al  officer  who  investigated  the 

fooIdfn?^’'!t  ToTe  “b 

p?ovSd'’‘'?r>’e°  primal  ^inlJcator  which  lead  to  a  plausible 
reconstruction  theory. 


13  5.5  Accident  No.  5: 
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Accident  No.  6: 


13.5.6.1  Abstract 

Three  men  were  on  board  a  19  foot  outboard  powered  bass  boat 
when  It  was  struck  by  a  21  foot  I/O  cuddy  cabin  cruiser  at  night. 
The  following  summary  is  based  on  statements  from  the  operator  of 
the  cruiser.  The  bass  boat  was  first  sighted  While  some  distance 
away.  It  was  ahead  and  off  to  the  port  side.  The  bass  boat 
appeared  to  be  on  an  opposite  parallel  course.  The  bass  boat's 
lights  then  went  off.  The  operator  of  the  cruiser  throttled  back, 
and  then  saw  the  boat  right  in  front  of  him.  The  cruiser  turned 
hard  to  starboard,  and  struck  the  bow  of  the  bass  boat.  The  impact 
knocked  a  hole  in  the  front  of  the  cruiser,  which  quickly  took  on 
and  capsized.  Four  occupants  were  on  board  the  cruiser, 
including  one  passenger  who  was  trapped  in  the  cuddy  cabin  while 
the  boat  was  floating  inverted.  The  passenger  was  pulled  through 
the  hole  in  the  bottom  of  the  hull  to  safety.  The  starboard  side 
of  the  bass  boat  was  badly  damaged.  All  three  men  on  board  the 
bass  boat  were  killed  in  the  accident. 


13.5.6.2  Critical  Data 

Critical  Data  From  the  Target  Boat  (Bass  Boat^ 

An  overall  view  of  the  bass  boat  is  shown  in  Figure  13-38.  A 
damage  diagram  for  the  bass  boat  is  shown  in  Figure  13-39.  The 
side  has  sustained  heavy  damage.  All  of  the  damage  was 
concentrated  on  the  starboard  side.  There  was  no  indication  that 
the  cruiser  rode  completely  over  the  bass  boat.  The  starboard  side 
of  the  hull  had  been  almost  completely  sheered  off  from  the  gunwale 
to  the  chine  from  the  initial  impact  point  forward  all  the  way  back 
to  the  operator's  position,  with  one  important  exception.  The 
section  of  the  hull  which  contained  the  registration  numbers  was 
still  largely  intact.  This  piece  is  visible  in  Figure  13-38.  This 
section  was  cracked  along  the  chine,  and  had  folded  down  into  a  j 
horizontal  position  during  impact.  This  section  had  not  been' 
sheered  off  like  the  hull  sections  on  either  side.  An  unusual  set 
of  striations  as  shown  in  Figure  13—40  was  noted  on  the  forward 
edge  of  this  section  of  the  hull.  The  striations  are  barely 
visible  in  the  photo,  but  are  actually  two  sets  of  marks.  The 
fii^st  and  most  important  is  an  "L"  shaped  set  of  continuous  marks. 
The  second  set  is  a  set  of  linear  striations  that  are  basically 
parallel  to  the  vertical  most  portion  of  the  "L”. 

The  console  and  windshield  at  the  operator's  position  was 
badly  damaged.  The  windshield  frame  was  knocked  from  it  mountings. 

The  starboard  side  and  forward  edge  of  the  console  were 
removed  during  the  impact.  The  steering  wheel  was  bent  slightly 
and  the  throttle  lever  had  been  broken  off.  The  windshield  frame 
was  still  entact,  but  had  been  struck  by  the  hull  of  the  other 
boat.  The  console  showed  signs  that  it  been  struck  with  a  force 
aimed  in  the  general  direction  of  the  aft  port  quarter  of  the 
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stern.  The  inboard  side  of  the  console  had  buckled  under 
compressive  load. 

Perhaps  the  most  to^be  propeller  cuts, 

starboard  side  at  the  stern  a  pp  gunwale  in 

These  ^'^ts  are  shown  in  Figure  ^ad  been  damaged.  Something 

Sjucrthfs  area  and  pushed  the  rubrail  and  gun»ale  in  an  upward 

direction. 

Additional  strlation  earks  were 

Of  the  starboard  side  o’!  ^  oJt  area.  These  marks  were 

attached  to  the  lower  edge  of  ^he  cut  our  are 
not  linear,  but  contained  a  gentle  curve. 

pear  the  bow  of  the  bass  a  pedestal  seat  post  regained 

inserted  into  ^^lich  was  struck  by  the  bullet  boat, 

constructed  of  a  heavy  steel,  ^.j^p  Qf  the  bow.  The 

poi^S’TreTSeSrnear  the  top  of  the  post  which  had  been 
lo?aped  and  partially  removed  during  the  impact. 


rT-itical  nata  From  the  Bullet  Boat  (Cruj-serj 

SSS' “"•*  ■“ 

The  damage  to  the  bow  is  shown  in  fnches  \y°22 

in  the  bow  of  the  is  a  tear  that  extends  from 

inches  across  is  evidel^.  kl  starboard  side  at  point  A  in 

FiJu«'r3-’ir"Thi  hofe  wTs  enlarged  to  pull  the  occupant  from  the 
cabin  after  the  boat  capsized. 

pumerous  f  tiations  alon^  the_port  L?^?alung 

iVel  TtVt  marts  shown  a\  point  B  on  the  diagram.  These  marts 
form  a  gently  curving  "S"  shape. 

Another  unique  set  of  °f  acT  of^°the  ^sfSoS  chinl 

C.  These  marks  appear  on  the  vertical  diagram  in  Figure 

i;-:rshow^^L'’°apVrox\m"ate"s\ape  of  these  marks  when  viewed  from 

the  side. 

perhaps  the  “ j““^3®''^‘*?^°®blades''clea?S%irgelcoat 

^t^rMidftJps  Which  iatched  ihe  colors  of  the  bass  boat  where 
the  cuts  were  located. 

some  damage  was  done  t°  the  windshield  frame  ^ 
lit  \Tfp;eafednriie'':or°e“r^\Xd  ^o  thl  capsizing  than  the 
collision. 


13-24 


13.5.6.3  Analysis 


This  accident  was  unusual,  fascinating,  and  difficult  to 
reconstruct.  It  is  worthwhile  to  look  closely  at  many  of  the 
details  and  the  thought  process  that  went  into  this  reconstruction. 

Both  boats  were  examined  to  look  for  any  signs  of  a  complete 
over-ride.  We  wanted  to  determine  if  the  cruiser  entered  on  the 

starboard  side,  slid  across,  and  re-entered  the  water  on  the 

opposite  side.  There  was  no  damage  to  either  the  opposite  stern  or 
the  opposite  side  of  the  boat  to  indicate  that  any  contact  was 
This  was  not  proof  that  an  over-ride  had  not  occurred,  since 
often  the  far  side  of  the  boat  will  be  cleared  completely.  The  aft 
end  of  the  cruiser's  bottom  was  examined  and  striations  were  found 
near  the  stern  on  the  port  side.  Thus,  initially  we  could  not 
conclude  that  an  over-ride  may  not  have  occurred. 

This  was  one  of  those  accidents  where  it  was  not  at  all 

obvious  what  had  happened.  Eventually  the  pieces  began  to  fall 
into  place.  The  propeller  marks  on  the  starboard  side  near  the 
stern  of  the  bass  boat  positively  located  the  stern  of  the  cruiser 
at  some  point  during  the  collision.  Matching  gelcoat  on  the 

propeller  blade  tips  confirmed  that  these  were  indeed  propeller 
cuts . 


The  initial  impact  point  appeared  to  be  the  leading  edge  of 
the  damaged  area  on  the  bass  boat  near  the  bow  on  the  starboard 
side.  The  pole  for  the  forward  seat  appeared  to  have  been 
responsible  for  the  long  gash  in  the  hull  of  the  cruiser.  A  small 
fragment  of  red  decal  mounted  on  the  pole  was  found  inside  the 
cuddy  cabin  of  the  cruiser  near  the  gash.  Since  there  was  nothing 
red  in  the^  colors  of  either  boat  except  the  decal,  this  proved  to 
be  a  good  indicator  that  the  pole  had  penetrated  the  cruiser  in  the 
forward  area. 

The  cruiser  struck  the  bass  boat  in  an  area  near  the  bow  that 
was  heavily  reinforced.  The  size  and  shape  of  the  hole  in  the 
cruiser  suggests  that  it  was  fairly  close  to  a  direct  impact  on 
that  portion  of  the  bow.  In  other  words,  the  centerline  of  the 
cruiser  was  close  to  perpendicular  to  the  perimeter  of  the  hull  at 
the  initial  impact  point.  This  would  help  to  explain  why  the 
resulted  in  a  hole  in  the  cruiser  rather  than  resulting 
in  an  over-ride.  If  the  bass  boat  made  an  evasive  turn  to  port,  as 
the  operator  of  the  cruiser  stated,  then  the  roll  angle  of  the  bass 
boat  would  place  the  edge  of  the  hull  at  an  angle  closer  to  90 
degrees  to  the  rake  of  the  bow.  This  would  even  further  encourage 
the  hole  in  the  cruiser. 

The  angle  of  the  gash  made  by  the  pole  as  shown  in  Figure 
13-43  is  one  indication  that  the  bass  boat  was  moving  at  the  time 
of  the  accident. 

So  far  we  have  enough  information  to  conclude  that  the  cruiser 
struck  the  bass  boat  on  the  starboard  bow.  The  initial  impact 
angle  was  somewhere  between  a  right  angle  and  something  closer  to 
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w  ^  The  bow  of  the  cruiser  penetrated  through  the 

t  .Xf  it  reacherthe  post,  which  caused  a  diagonal  gash 

?rXhun  ct  tfe  TlJi  hard  part  was  to  determine  what 

happened  next. 

r,o<;sible  scenario  was  that  the  cruiser  struck  the  bass 

Xd"rav^^m%»;  \"rd"e''crt\V‘hLr 

Lnh\"';iflUXhel^a^s  ra^t^ 

Lill  too  many  questions  ““"^"“h'^/Lla^o/the”  cruiser”  hull 
there  were  no  marks  on  the  starboard  side  of  ‘he  cruiser^  s  nui^ 

ertenslve^marfs  o“Ve"port  Sde  %11 'bottom,  would 

lire  2rur  -XirTt  i:  rossme‘'iSXomrS  fhf  hillTarSn^ 

could  have  been  unrelated  to  the  accident,  this  was  not  considered 
likely  at  the  time.  Now  what? 

Several  key  questions  had  not  yet  been  answered.  Careful 
analySs  of  the  remaining  data  was  needed.  For  the  damage  to  be 
consistent,  we  needed  a  scenario  which  placed  the  port  side  of  the 
cruiser  in  contact  with  the  bass  boat,  placed  the  propeller  in 
contact  with  the  hull  side  at  the  stern,  and  maneuvered  the  Pol®  ?-" 
the  front  of  the  bass  boat  to  match  the  gash  in  the  bow  of  the 
Suifer.  The  scenario  shown  in  Figure  13-45  was  formulate^.  Was 
there  any  additional  evidence  to  support  or  contradict  this 
hypothssis?  The  answer  was  yes! 

The  hull  section  shown  in  Figure  13-38,  which  had  remained 
attached  to  the  chine,  was  unusual  for  two  reasons.  First,  becaus 
it  was  still  there  when  hull  material  on  both  sides  was  gone,  and 
second  leiausrof  the  marks  shown  In  Figure  13-40  on  forward 

edqe  of  the  hull  section.  The  "L"  shaped  marks  were  likely  made 
while  the  boat  was  rotating  and  pivoting  part 

collision.  This  hull  section  was  probably  parallel  - 

S?  the  bass  boat  during  this  rotation.  The  of  the  two 

the  marks  suggest  that  the  relative  linear  ''jl^rtuallv  ze^^ 
boats  at  the  point  where  these  marks  were  made  was  virtually  zero. 
The  mark  appears  primarily  because  of  the  relative  angular  velocity 

of  the  two  boats. 

The  tightness  of  the  "L”  also  offers  an  explanation  as  to  why 
this  SStiorof  the  hull  was  still  attached.  It  the  “o  boats  had 
been  sliding  across  each  other  at  a  high  rate  of  speed,  the  ef 
may  have  been  to  shear  this  section  off  along  with  the  J^^st  of  the 
hull  material.  The  near  zero  relative  velocity  between  the  t 
vessels  at  this  point  would  have  made  it  easier  for  this  section  to 

remain  in  place. 

The  damage  to  the  operator's  console  and  windshield  frame  was 

also  consistent  with  the  pivoting  hypothesis.  nofnt  wTich  kept 
probably  struck  fairly  hard  and  served  as  a  pivot  point  which  kept 

the  cruiser  from  ending  up  completely  on  top  of  J^he  bass  boat 
during  the  pivoting  action.  This  was  probably  what  caused  the 
inside  supporting  wall  of  the  console  to  buckle  as  described 
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The  windshield  frame  had  been  struck  by  the  hull  of  the 
cruiser.  Damage  found  at  point  C  on  Figure  13-43  suggest  that  the 
windshield  frame  might  have  made  an  imprint  on  the  second  chine  on 
the  vertical  portion  on  the  cruiser's  hull,  though  this  was  not 
confirmed. 

While  it  is  difficult  to  explain  in  words  alone,  the  "S” 
striations  located  at  point  B  in  Figure  13-43  made  sense  when 
examined  in  light  of  the  pivoting  hypothesis.  If  one  takes  the 
damage  diagrams  and  maneuvers  the  boats  through  the  sequence,  it 
becomes  more  apparent  how  these  marks  might  have  been  created  as 
the  boat  pivots. 

The  last  issue  was  to  resolve  the  propeller  cuts  and  the 
damage  at  the  stern  around  the  rub  rail.  Even  if  the  bass  boat  had 
pivoted  while  underneath  the  cruiser,  that  still  did  not  explain 
how  the  propeller  of  a  boat  nearly  eight  feet  wide  at  the  transom 
made  contact  with  the  hull  of  the  bass  boat.  Figure  13—46  gives  us 
a  possible  answer.  This  figure  is  a  scale  diagram  of  half  of  the 
stern  of  both  boats.  The  bass  boat  is  on  the  bottom,  and  the 
cruiser  is  on  top.  This  diagram  shows  the  approximate  orientation 
required  for  the  propeller  of  the  cruiser  to  make  the  propeller 
cuts  in  the  bass  boat.  This  diagram  is  only  an  approximation  since 
the  outdrive  is  shown  in  a  straight  ahead  position.  Remember  that 
the  cruiser  was  possibly  in  a  turn  to  starboard  and  that  this  would 
have  affected  the  location  of  the  propeller  as  it  is  shown  in  the 
figure.  If  the  cruiser  had  been  in  a  hard  turn  to  starboard,  the 
engine  thrust  would  have  helped  to  contribute  toward  the  pivoting 
of  the  cruiser.  A  hard  turn  to  port  for  the  bass  boat  would  also 
have  contributed  to  the  likelihood  of  this  scenario. 


Estimated  Speeds 

A  striation  analysis  similar  to  that  performed  on  the  first 
few  accidents  was  not  appropriate  here.  For  one,  we  know  that  the 
relative  velocities  of  the  two  boats  changed  significantly  during 
the  impact,  making  such  an  analysis  difficult.  What  was  the  speed 
of  the  two  boats?  While  it  is  not  possible  to  say  for  certain, 
several  things  seem  likely. 

Obviously  the  bullet  boat  was  moving.  It  is  also  probable 
that  the  target  boat  was  moving.  The  operator  of  the  bullet  boat 
claimed  that  he  was  on  plane.  The  initial  damage  to  the  bow  of  the 
cruiser  made  by  the  pole  on  the  bass  boat  is  somewhat  analogous  to 
the  striations  used  in  earlier  analysis.  If  the  two  boats  struck 
at  roughly  a  right  angle  to  each  other,  the  angle  of  this  cut 
suggests  that  both  boats  were  traveling  about  the  same  speed  at 
impact.  We  must  be  careful  here  because  the  orientation  and  speed 
of  both  boats  may  have  changed  significantly  before  the  pole  cut 
the  gash  in  the  hull. 

It  is  also  likely  that  what  actually  occurred  is  that  the  bass 
boat  pivoted  underneath  the  cruiser,  although  the  heading  of  the 
cruiser  was  probably  altered  slightly.  This  is  primarily  because 
the  cruiser  is  much  more  massive  than  the  bass  boat.  In  order  for 
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or  traveling  at  displacement  speeds.  This  is  largely 

the^ impact  force  is  well  forward  and  imparts  a  high  moment  about 
the  boat's  CR. 

13.5.6.4  Summary 

It  appears  likely  that  both  boats  were  at  least  on  Plane  and 

-Se^S:  o^^'j^nUXiTn  r^/ig“uS 

+.hp,  Dhvsical  evidence  on  both  boats.  While  it  was  n 

collision. 

It  should  be  noted  that  the  reconstruction  of  this  accident 
would  not  have  been  possible  except  for 

investigating  officers.  They  took  photographs  of  of 

scene  which  proved  valuable  in  the  reconstruction. 

JhS  Jruiser  Shile  it  was  still  capsized  in  the  water  helped  to  show 
that  damage  in  some  areas  on  the  hull,  bottom  was  not  "hUe  the 

boat  was  being  retrieved  from  the  water.  The  officers  also 

S?oLcted  both  boats  until  all  necessary  data  was  obtained. 
Lastly,  thfeir  accident  report  contained  unusually  thorough 
accurate  diagrams  of  the  damage  done  to  both  boats. 
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Accident  No.  7: 


13.5.7.1  Abstract 

A  20  foot  I/O  open  motor  boat  struck  a  stationary  21  toot  long 
^nH^/rabin  cruiser  The  boats  are  shown  in  Figures  p-47  and 
?3  ^8  Respectively.'  The  impacting  boat  struck  the  cruiser  from 

ni^ly  leaf  and  r'^ds  ' 

Fortunately,  no  fatalities  occurred  as  a  result  of  this  accid 


13.5.7.2  Critical  Data 

rritical  nata  From  the  Target  Boat; 

The  struck  boat  was  struck  on  the  starboard  side  of  the 
transom.  This  area  is  shown  in  Figure  13-49.  The  “ih^shield  frame 
on  the  starboard  side  of  the  boat  had  been  severely  damaged.  The 
instrument  console  suffered  from  an  impact  either  by  the  bow  of  the 
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Skeg.  The  windshield  frame  that  ran  along  the  side  of 
the  boat,  parallel  to  the  centerline,  had  a  single  cut  in  it 
transverse  to  the  centerline  of  the  boat.  Figures  13~50  and  13-51 
sJ^stches  of  the  damage  done  to  the  target  boat. 


Critical  Data  From  the  Bullet  Boat; 


The  bullet  boat  showed  striations  along  the  bow  and  along  the 
bottom  of  the  hull.  There  was  no  severe  visible  damage  done  to  the 
hull  of  the  bullet  boat.  The  glass  in  the  side  windshield  on  the 
starboard  side  was  broken  and  the  frame  was  warped.  One  propeller 
blade  had  a  chip  in  it.  The  port  chine  of  the  boat,  nearly 
two-thirds  of  the  way  back  from  the  bow,  had  experienced  severe 
scrapes.  The  scrapes  were  consistent  with  damage  that  occurs  when 
fiberglass  rubs  along  aluminum. 


13.5.7.3  Analysis 

This  accident  was  fairly  straight  forward  so  a  detailed 
analysis  will  not  be  presented  here.  The  damage  to  the  transom  of 
the  target  boat  was  clearly  the  point  where  the  motor  boat  entered 
the  cruiser.  The  damage  to  the  target  boat  indicated  that  the 
bost  had  sufficient  speed  to  almost  completely  over  it, 

at  least  enough  to  nearly  clear  the  instrument  panel.  No  definite 
contact  marks  could  be  found  to  prove  that  contact  was  made  beyond 
the  windshield.  Apparently,  the  bullet  boat  was  airborne,  and 
cleared  the  starboard  side  of  the  bow. 

The  bow  of  the  bullet  boat  struck  and  slid  across  the  vinyl  on 
the  top  of  the  instrument  panel .  The  impacted  area  was  about  two 
inches  wide  and  not  yery  deep.  This  helped  to  rule  out  the  skeg  as 
the  striking  object.  Some  of  the  instruments  and  small  pieces  of 
debris  were  sent  flying  through  the  instrument  console  and  into  the 
cuddy  cabin  interior,  presenting  a  risk  of  injury  to  the  occupants 
in  the  cabin. 

Witnesses  stated  that  the  cruiser  was  stationary  at  the  time 
of  impact.  Striations  on  the  bottom  of  the  bullet  boat  hull  were 
parallel  to  the  centerline  of  that  boat.  Since  the  velocity  of  the 
bullet  boat  was  parallel  to  the  centerline  of  the  target  boat,  it 
was  not  possible  to  tell  if  the  target  was  moving  at  impact. 

Determination  of  the  impact  angle  and  the  direction  of  impact 
were  fairly  simple.  The  bullet  boat  struck  the  target  boat  in  the 
transom,  approximately  two  feet  to  starboard  of  the  centerline. 
The  centerline  of  the  target  boat  was  at  approximately  a  10  degree 
angle  to  the  velocity  vector  of  the  bullet  boat.  Conventions  used 
in  previous  examples  allowed  us  to  state  the  impact  angle  based  on 
the  velocity  vector  of  the  target  boat.  Since  the  velocity  of  the 
target  boat  was  zero,  we  must  refer  to  the  direction  of  the 
centerline  of  the  target  vessel  instead. 
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KRtimatina  the  Bullet  Boat^s  Speed 

This  accident  provides  an  opportunity  to  discuss  possible 
methods  of  analyzing  and  estimating  boat  speeds. 

marked  a  fairly  clear  path  across  the  target  boat.  Absence  of  any 
contact  damage  beyond  the  windshield  and  dash  area  show  that  the 
bullet  boat  became  airborne.  Several  possible  methods  could  b 
used  to  estimate  the  bullet  boat's  speed.  The  possibly  methods  are 
briefly  summarized  below: 


Method  1:  Use  the  conservation  of  energy  approach.  Estimate 
the  absolute  minimum  change  in  height  of  the  CG,  and  apply  the 
formula: 


V  =  sf2^ 


This  method  calculates  the  most  conservative  speed  possible 
for  a  given  change  in  CG  height.  The  geometry  of  the  each  boat 
will  suggest  a  minimum  CG  height.  The  difficulty  with  this  method 
is  attempting  to  account  for  the  amount  which  the  target  boat 
have  been  depressed  due  to  the  weight  and  dynamic  loads  of  the 
bullet  boat.  One  possibility  for  dealing  with  this  variable  is 
neglect  the  depression  when  a  large  boat  is  struck,  and  treat  the 
calculation  as  an  estimate,  not  as  a  minimum  speed. 


Method  2 :  The  second  method  involves  using  the  trajectory 
equations  discussed  in  Chapter  11.  ,  The  difficult  part  of  the 
analysis  is  determining  the  minimum  trajectory  you  wish  to  analyze. 
There  are  two  basic  approaches  to  establishing  this  information. 


Both  methods  involve  determining  the  area  below  which  the  CG 
could  not  have  fallen  during  the  collision.  Figure  13-52a  shows 
how  this  area  was  determined  for  accident  number  seven.  We  will 
refer  to  this  area  as  the  non-penetration  zone  (NPZ)  .  Parts  of  the 
bullet  boat  will  have  clearly  penetrated  the  NPZ,  but  not  the  CG. 
Figure  13 -52b  illustrates  a  possible  NPZ  for  accident  number  seven. 
Obviously,  the  determination  of  this  area  is  subjective  and  depends 
at  least  partly  upon  how  much  the  target  boat  was  depressed  during 
the  impact.  Note  that  it  is  not  necessary  to  know  the  vertical 
height  of  the  CG  within  the  bullet  boat,  since  we  are  only 
interested  in  the  change  in  the  CG  height  and  not  the  absolute 
height. 

Method  2A:  Now  that  we  have  established  a  NPZ,  how  do  we 
analyze  it?  One  method  is  to  presume  that  the  launch  point  of  the 
CG  is  at  or  near  the  impact  point,  and  assume  that  the  rest  of  the 
motion  can  be  analyzed  as  a  trajectory  motion  problem.  In  certain 
accidents,  this  is  clearly  a  reasonable  approach  when  it  is  known 
that  the  bullet  boat  was  essentially  launched  over  the  target  boat. 
The  appropriate  trajectory  formulas  are  selected  based  on  the  shape 
of  the  NPZ,  and  provide  an  estimate  of  the  bullet  boat's  speed. 
Figure  13-52c  illustrates  this  method. 
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Method  2B:  A  second  method  for  analyzing  the  NPZ  is  used  when 
it  IS  presumed  that  the  bullet  boat  slid  across  the  target  boat 
instead  of  jumping  over  it.  Use  of  the  trajectory  formulas  in 
these  accidents  can  create  estimates  in  excess  of  the  actual  speed. 
The  first  approximation  that  should  be  used  in  a  sliding  accident 
is  the  conservation  of  energy  method  previously  outlined  in  method 
one.  The  problem  with  this  method  is  that  it  is  generally  thought 
to  be  overly  conservative.  In  certain  scenarios,  when  little  or  no 
physical  damage  is  involved,  and  the  coefficients  of  friction  are 
low,  this  method  may  provide  a  reasonable  first  approximation. 

Method  3 ;  This  method  for  analyzing  collision  over-rides 
assumes  that  the  first  part  of  the  collision  involved  sliding,  and 
the  second  part  of  the  impact  involved  an  airborne  trajectory. 
Virtually  all  collision  over-rides  can  be  broken  down  into  a 
contact  or  sliding  phase  and  an  airborne  phase. 

The  analysis  of  the  sliding  phase  is  similar  to  estimating 
speed  from  skidmarks  for  an  automobile  on  a  sloping  roadway.  The 
missing  ingredient  at  this  time  is,  of  course,  the  coefficient  of 
Hopefully,  future  testing  and  research  will  provide 
reasonable  estimates  of  the  friction  coefficient  for  two  boats  in 
contact. 

The  airborne  part  of  the  collision  can  be  analyzed  using  the 
trajectory  equations.  The  analysis  is  now  similar  to  that 
described  in  method  2B,  except  that  the  starting  point  for  the 
trajectory  is  not  the  impact  point,  but  the  location  of  the  CG  when 
the  two  boats  were  last  contacting  each  other. 

Which  method  to  use  for  the  analysis  depends  largely  upon  the 
determination  of  how  much  of  the  impact  was  sliding  and  how  much 
involved  an  airborne  trajectory.  If  only  light  damage  or  contact 
occurred  after  the  initial  impact  point,  it  may  still  be  acceptable 
to  use  the  trajectory  equations  as  described  in  Method  2A. 
Accident  number  seven  is  a  good  example  of  this  situation.  The 
contact  damage  which  occurred  after  the  initial  impact  point  was 
relatively  slight. 

An  analysis  was  conducted  to  provide  speed  estimates  based  on 
the  diagrams  in  Figure  13-50.  The  figure  number,  equation,  and  the 
results  are  presented  in  the  summary  that  follows. 

Figure  13-52b: 


V  =  <j2gh 


where  h  is  equal  to  the  change  in  height  of  the  CG,  which  is 
approximately  four  feet.  The  height  at  point  A  was  1  feet,  and  the 
height  at  point  C  is  five  feet. 
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y  =  ^2  (32/2)  (4)  =  16  ft /sec  (11  mph) 


Figure  l3-52c: 

use  equation,  11-6.  ,^TXnTor 

roS?‘r  re  as\„  estimate.. 


Equation  11-6: 


V  =  \g{e+sD^  + 


For  point  C:  e  -  +3  feet,  D  -  10  feet 

V  =  20.8  ft/sec 

For  point  D:  e  =  -1  feet,  D  =  23  feet 

V  =  26.6  ft/sec  (18.1  mph) 

Note  how  the  maximum  distance  used  for  D  was 
bullet  boat  struck  the  target  boat  ®t  ^^^tanoe  D  assumed  that 

rr?^rrt^sSar  hf £,eM^ 

r.'^irmaxLum  “staLe'p  would  h«e  t-n  equal  «  the  length  of 
the  target  boat  plus  the  distance  of  the  CG  from^thy^t 

Suit  boatwasr/l^rthTd^ranoe  forward,  or  approximately  6.7 
feet  from  the  stern. 

Figure  13-52d: 

.t  por  r^aruir/tKr^  -JeTrerire^^^o^^rh  roint 


e  =  -4  ft,  D  =  13  ft 
V  =  17.6  ft/sec  (12  mph) 

This  velocity  is  the  minimum  velocity  required  to  the 

boat  Trll  ;:int  c"so  that  it  t-ches  point  D.  Note 

r^?re.''^rwrasrw\Ttrbo^-ra^^^^^^^^  -  stiu  be 

traveling  at  17.6  ft/sec  when  it  reaches  point  C. 
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conservation  of  energy  principles  will  again  let  us 
estimate  the  minimum  impact  speed  if  the  boat  still  had  a  velocity 

estimate  of^th^  the  minimum 

estimate  of  the  impact  speed,  we  will  assume  that  no  energy  was 

sum  Of  the  kinetic  and  potential  energy  at  the  second 
point,  as  shown  in  the  following  equation: 


KEl  +  PE  =  KE2  +  PE2 


Remember  that  KE  =  l/2(m)v2,  and  PE  =  mgh. 
through  by  m,  and  we  get  the  following; 


Substitute,  divide 


.51^2  +  gh2  =  .5V22  +  gh 


V2  =  17.6  ft/sec 
hi  =  0 

h2  =  4  ft  2 

g  =  32.2  ft/sec 

Substitute  the  above  values,  and  solve  for  VI: 


.5Vl2  =  .5(17.6)2  +  32.2(4) 


.5V12  =  .5(17.6)2  +  32.2(4) 

VI  =23.8  ft/sec  (16.2  mph) 

Based  on  these  calculations,  the  minimum  speed  at  impact  would 
have  been  23.8  ft/sec. 

Even  though  we  do  not  have  measured  values  for  the  coefficient 
°£  triction  for  the  two  boats  in  contact,  the  following  example 
shows  how  this  information  might  be  used  when  it  becomes  available. 

The  analysis  is  limited  only  to  the  sliding  phase  of  the 
as  labeled  in  Figure  13— 52d.  The  derivation  and 

background  for  this  analysis  can  be  found  in  Traffic  Accident 
Reconstruction,  Volume  2,  Topic  862,  Section  7.  Consult  the 
bibliography  for  complete  information. 

The  following  equation  can  be  used  to  estimate  the  initial 
velocity  required  when  an  object,  boat  or  otherwise,  slides  for  a 
distance  d,  and  decelerates  or  accelerates  at  rate  a. 
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where 


Vi  =  Jve^  -  2ad 


Vi  =  initial  velocity 

=  acceleration^Iminus  values  indicates  deceleration) 


d  =  the  distance  the  object  slides 

in  this  W^wan't’^to  (S^the  l°nitS! 

accici©nt  cLS  3.  boat  sliding  up  a  iraitip.  -!+•  di'iil 

velocity  required  to  f whYcT  is  the  top  of  the 
has  a  velocity  few'^Lsumptions.  For  the  sake  of 

dC?4sslo"n!  we%?H  assuBe  that  the 

J^iv?i\nrto%\\^%%Tactor\^''™^^ 
can  be  related  to  drag  factor  by. 

a  =  fg,  where  f  is  the  drag  factor. 

The  distance  that  the  boat  slid  is  somewhat  ^^^^ective.  For 

S^nqfe  “ra-h\“e-of  -^anTlt^^^deTfl-T.  “tLs  cl^ 

d  =  10.44  ft 

If  this  were  an  accident  on  a  level  surface,  we  would  have 

SS^fnio^ccounf  th°e  Xofe^of  “he  ^aBp\^'  £°Sa^ '  f aclor^for  a 
grade  is  given  by  the  formula; 

fg=  (u  +  G)/  /l  +  G" 


where 


=  coefficient  of  friction  (which  is  also  the  drag 
factor  in  boat  collisions  for  a  level  surface) 

=  grade  expressed  as  a  decimal 


The  grade  for  this  problem  is; 

G  =  3  ft/ 10  ft  =  0.3 
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The  drag  factor  for  the  slope  is: 


=  (0.2  +  0.3)/  A  +  0.32 


fg  =  0.48 

From  a  =  fg,  calculate  the  new  value  of  a  for  the  slope: 
a  =  -0.48(32.2) 
a  =  -15.4  ft/sec^ 

The  value  of  the  acceleration  is  a  minus  since  the  boat  is 
slowing  down. 

Substitute  all  values  obtained  into  the  Velocity  equation  and 
solve  for  Vi: 


Vi  =  \jVB^  -  2ad 


Vi  =  25.12  ft/sec  (17.1  mph) 

It  is  important  to  note  that  the  last  analysis  makes  many 
assumptions.  The  coefficient  of  friction  of  0.2  for  two  fiberglass 
boats  is  merely  an  educated  guess.  No  testing  has  been  conducted 
to  generate  this  data.  The  analysis  does  provide  insight  into  how 
the  drag  factors  can  be  measured.  These  values  could  be  obtained 
if  the  initial  and  final  velocities  can  be  carefully  monitored  over 
a  given  distance  in  a  test  collision.  Of  course,  this  would  not 
directly  account  for  the  energy  losses  due  to  structural  damage 
which  may  occur. 

The  above  method  needs  additional  refinement.  The  actual 
distance  (d)  to  be  used  in  these  equations  is  open  to  discussion. 
This  analysis  did  not  consider  what  is  labeled  as  the  "pre- ramp 
area"  in  Figure  13-52d. 


13.5.7.4  Summary 

The  analysis  of  this  accident  showed  several  possible  methods 
for  estimating  speeds  in  an  over-ride  type  accident.  The  methods 
presented  provide  speed  estimates  ranging  from  11  mph  to  18.1  mph. 
Clearly,  the  11  mph  estimate  is  overly  conservative.  The  higher 
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estimate  of  18  mph  is  probably  closer  to  the  actual  speed.  For  the 
S^seeable  future,  methods  for  estimating  speed  in  over-ride 
forseeabi  nrobablv  be  based  on  collision  geometry, 

accidents  will  prooaoiy  we  0,1.^  nn-t-ii  it  becomes 

tT-aiectories.  and  possibly  friction  data.  Until  it  becomes 

nossible  to  relate  structural  damage  to  energy,  the  best  estimates 
for  speed  in  an  over-ride  type  accident  will  probably  be  based  on 

these  parameters. 

The  methods  presented  assumed  that  the  target  >=oat  was 
stationarv.  If  the  target  had  been  moving,  an  analysis  is  still 
SssiWe7but  the  speed  of  the  target  must  be  included  in  the 
analisiS  The  automobile  accident  reconstruction  community  has 
devellplm  foraulas  for  dealing  specifically  with  same  dff^btion 
aii-i-r>Tnobi  1  e  imoacts  These  formulas  can  be  adapted  to  apply  to  the 

situation  in  Accident  No  7  for  scenarios  Accident 

»  ci-i  rrni  f  icant  velocity.  Consult  the  Trafric  Acciaenc 

Investigation  Lnual,  Volume  2  listed  in  the  Bibliography  for  more 
information. 

It  is  important  to  note  that  all  of  the  methods  presented  in 
this  collision  analysis  were  oriented  toward  establishing  a  minimum 
^^olJltirtlsoeed  instead  of  an  estimate  of  actual  speed.  Each 

that  is  subjective  and  difficult  to 

nrecisely  determine.  Caution  is  encouraged  in  using  tt^se  methods 
since  errors  in  the  input  parameters  could  conceivably  produce 
speed  estimates  that  are  beyond  the  actual  speed. 
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Accident  No.  8: 


13.5.8.1  Abstract 

A  19  foot  I/O  traveling  at  idle  speed  was  struck  the 
stern  by  a  second  vessel  at  night.  The  second  vessel,  in  this  case 
the  bullet  boat,  struck  the  stern,  and  rode  over  a  portion  of  the 
struck  boat.  The  second  vessel  was  released  almost  immediately 
S^ef  the  accident;  and  therefore,  was  not  available  to  us  for 
SmSuIs  An  overall  view  of  the  target  boat  is  shown  in  Figure 
13-53.  There  were  no  fatalities  in  this  accident. 


13.5.8.2  Critical  Data  on  the  Target  Boat 


Damage  to  the  rear  of  the  boat  is  shown  in 
damage  on  the  port  side  of  the  transom  appears  to  be  the  point 
where  the  lower  unit  of  the  bullet  boat  passed  through.  If  the 
target  boat  was  traveling  very  slowly,  then  this  would  also  be  the 
arefwhe^fthe  bow  made  initial  contact.  A  handrail  was  crushed  on 
the  starboard  side  of  the  stern.  The  side  windshield  frame  o"  the 
port  side  had  been  lightly  struck,  showing  striations,  and  slight 
deformation  outward. 
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13.5.8.3  Analysis 


Without  analyzing  the  bullet  boat,  a  positive 
thJ?  K  "vf ®  possible.  All  damage  surveyed  indicated 

all^ter  stern,  and  rode  over  the  port 

K  ^  Exalninatioo  cjf  the  bottom  of  the  hull 

on  the  bullet  boat  would  have  likely  confirmed  the  relative  speed 
of  the  two  boats. 


13.5.8.4  Summary 

This  collision  provided  one  example  of  how  important  it  is  to 
have  access  to  both  boats  involved  an  accident  if  a  reconstruction 
needs  to  be  performed. 


13.5.9  Accident  No.  9: 


13.5.9.1  Abstract 


A  20  foot  I/O  open  motorboat  struck  a  20  foot  pontoon  boat 
powered  by  a  40  HP  outboard  motor.  The  motorboat  struck  the 
pontoon  boat  on  the  port  quarter  and  rode  over  the  boat,  exiting 
the  starboard  side  near  the  stern.  The  pontoon  boat  carried  nine 
passengers.  Two  were  killed,  and  three  were  injured.  Three 
occupants  were  on  board  the  motorboat,  one  of  which  suffered  minor 
injuries.  The  occupants  on  board  the  motorboat  said  that  the  jolt 
was  fairly  minor,  as  if  they  had  run  over  a  log.  The  port  pontoon 
was  punctured  by  the  motorboat,  and  quickly  filled  with  water.  The 
pontoon  boat  then  quickly  capsized.  An  overall  view  of  the  pontoon 
boat  and  the  motorboat  are  shown  in  Figures  13-55  and  13-56 
respectively.  The  primary  questions  in  this  accident  were  as 

Toll  OLJ<2  • 


a.  What  was  the  speed  of  each  boat? 

b.  Were  the  navigation  lights  on  the  pontoon  boat  running? 

The  analysis  presented  in  this  section  will  answer  the 
question  of  speed  to  the  extent  possible  based  on  the  available 
data.  The  investigating  officers  attempted  to  answer  the  second 
question  based  on  witness  statements  since  the  stern  light  was 
knocked  from  the  pontoon  boat  and  not  recovered. 

This  accident  was  important  because  of  the  types  of  damage 
left  behind.  Clear  examples  of  damage  matching  were  identified  to 
help  determine  the  relative  positions  of  the  two  boats  as  the 
impact  progressed.  The  focus  of  the  report  on  this  accident  will 
be  to  highlight  these  examples. 
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13.5.9.2  Critical  Data 

used  to  Determine  Relative  Positions 

For  this  accident,  «e  p^ovWeTWeuS? 

previous  accident  discussions .  ncoH  -to  determine  relative 

?“afions°of''?L".“wfSl“iscuss  the  most  important  ones. 

•  1-5  CT  anH  1T-RR  show  the  damage  to  the  port  quarter  of 

the  pontoon  bo^t.  Damage  to  the  pontoon  caused  by  outdrive  and 

S-!L\“oivi:;.l“eiL;fe^^ofdr.a\‘L%^^^^^^^^  P%%ue^t  OF  th^e 

boat  clearly  caused  this  damage. 

The  portable  fuel  container  on  the  starboard  side  was  knocked 

rdUnn-h\‘'coryr^fihf,\'s%^f. 

frfe^-to^lSig  What^nay^have  cansed^the  --  -  the^,as^can. _^it 

r!a?grllab^  o£  J“’^?he  "putt?%  “he 

Of  th^^^ 

rrUs 

examined,  and  small  traces  or  ^  ^  n_6o  shows  that  the  dent  in 

ire^^^n?n  °LrcLr-^p^e1f“ectr^Tfth^\re  iJIdin,  ed,e  of  the 
starboard  half  of  the  torpedo. 

The  leading  edge  of  the  torpedo  contained  a  hole  approximately 
one  l“h  aSJoss^s  Lown  in  Figure  13-61.  The  hole  "f  in^the 

exact  same  location  which  struck  the  gas  can,  nor  damaae  The 

rfi;Hs:pe!“SncragaL“"tre‘^^^^^^^^^ 

mounting  brackets  for  “e  ““tboard  motor 

S?^ik^t:=°T’he^LaS^rhtd  o^rutlfSf"  struck,  and  the  tip  of  it 
was  left  clean  and  shiny  by  the  impact. 

boat.^rrrtre^Sfingl-^.  -  TBSiB 

Yo‘osrw%:c\:| 

whSe^the  b^w'^hJok'^of  ^the'bun^t  struck  a  piece  of  the 

^V.^™?nn™  railina  Study  of  pre-accident  photos  provided  by  the 
»n“rhelpid  tl-  posltTon  th?s  piece  of  aluminum  at  its  proper 

location. 
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the  po^n^^ifon  material  were  used  on  board 

locations  on  the  bullet  boat  Ono  noticeable  in  several 

shown  in  Figure  13-65  Tht  mtU<=  interesting  set  of  marks  is 
of  the  seat\ocated  nJar^the^o^^ni-  precisely  to  the  edge 

was  struck,  and  thrown  clear^  of  the  hr?f°^‘  the  seat 

accompany  these  marks.  This  is  a  good  exa:pre%f  a^i^p?^^ 

13.5.9.3  Analysis 

13.5.9.4  Summary 

conclSiver/ife"paM;rtrrnerbr^^ 

«ttl-  vafuttre  bie,*?  "°?k"  """"  Prior  tT^a^Lcwlnt 

other  items  struclcTy  tS^bS^e^Sat °*  s?„ce“he?4 

f^iae  r  mf/ b-^t:  T„X/?be-b-^“&i  ff  “ 

ISai?^  ma^°L  “rt\% 
jSa  -0?-  r  eSe 

raUo  L"zero?°‘  ''^locit^ 


13.5.10  Accident  No.  10: 


13.5.10.1  Abstract 

dav  during  a  rain  storm  in  the  middle  of  the 

day.  Both  boats  were  approximately  19  feet  long.  The  bullet  boat 
abashed  into  the  port  siae  near  the  bow  of  the’ target  boat  ?S 
ullet  boat  sank  and  was  not  recovered  at  the  time  of  our  analvsis 

to  eramlne.  Witneirs?a?enei?s 
Sia?a  toots'  speea  at  about  25  mph  prior  to  impact  ?his 

?he  buJ^.rb  i"  that  it  was  a  pSre  penetratioTcoliisIon! 

The  bullet  boat  penetratea  the  siae  of  the  target  boat  without  an 
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The  bullet  boat  penetrated  some  distance  into 
over-ride  occurring.  in  Fimire  13-67  was  caused  when 

There  were  no  fatalities  in  this  accident. 

13.5.10.2  Critical  Data 

This  accident  was  a  challenge  from  the  °"Jh 

havina  one  boat  to  examine.  Many  answers  went  to  the 
Jhrbullet  boat.  Nonetheless,  several  items  are  worthy  of  comment. 

The  bow  light  from  the  bullet  boat  was  found  just  forward  of 

definitely  penetrated  the  hull  of  the  target  boat. 

The  general  °5  “eUevedlrbl  the^VnitSt 

Impair  point.''’'The  navigation  light  from  the  bullet  boat  appears  to 

bullet  boat  actually  cut  through  the  hull,  but  the  side 
^illltfon  UgW  hoLlng  may  have  cut  the  notch  shown  in  this 
Fiaure  If  this  is  true,  it  may  also  show  the  approximate 
•t-he  two  boats  at  impact.  The  navigation  light  impact 

S?S""hH"H  Hf  3?  433 

•  in  ^  h;^Td  tuirn  to  stciirbociird.  wiuhgss 

statements°^indicated  that  both  boats  were  on  plane  at 
Figure  13-69  indicates  that  the  bullet  boat  may  have  been  in  a  turn 

to  starboard  at  impact. 


13.5.10.3  Analysis 

s;  ns'  -s 

were^knSwn  on^the ^sh^pe ^f  the 

lit  lit  Vn  the®^  side  begiL  at  only  a  few  inches  high  and  grows 
until  it  stretches  from  the  chine  to  the  rubrail.  The  last  part  of 
the  cut  most  likely  matches  the  cross  section  of  some  part  of  the 
bow  of  the  bullet  boat  at  the  angle  of  penetration  at  * 

The  rate  of  growth  in  height  of  the  penetrated  area,  combined  with 
thi  rake  of  the  bow  of  the  bullet  boat,  suggest  a  rate  of 
penetration  and  relative  impact  angle.  The  diagrams  shown  in 
Figures  13-70  and  13-71  are  rough  sketches  drawn  to  scale  whil 
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examining  the  boat.  These  diagrams  should  be  sufficient  to 
coSld^ +-^  model  of  the  target  boat.  If  the  bullet  boat 

^  constructed  as 

The  two  models  could  then  be  manipulated  until  the 

of"the^target'^boat^  bullet  boat  matched  the  damage  in  the  side 

striations  too  light  to  show  up  in  a  photo  were 
round  along  the  rub  rail  approximately  three  feet  back  from  the 
bow,  almost  directly  over  the  initial  penetration  point.  A  soft 
rubbery  substance  was  found  on  the  aluminum  edge  of  the  rub  rail  on 
the  target  boat  in  the  same  location.  This  was  likely  transfer  of 
the  rub  rail  material  from  the  bullet  boat. 


13.5.10.4  Summary 

The  most  likely  scenario  appears  to  be  that  the  bullet  boat 
was  in  a  turn  to  starboard  at  impact.  The  target  boat  was  most 
likely  in  a  turn  to  starboard  also.  The  boats  hit  traveling  toward 
each  other,  with  an  approximate  impact  angle  from  225  to  270 
degrees  as  shown  in  Figure  13-72. 


.  Unfortunately,  the  above  is  an  unconfirmed  hypothesis  that 
might  explain  the  damage  to  the  target  boat.  Further 
reconstruction  of  this  accident  would  require  some  knowledge  of  the 
shape  and  size  of  the  bullet  boat,  and  ideally  the  bullet  boat 


13.6  General  Notes  on  Interviewing  Witnesses 

The  purpose  of  our  investigations  was  to  reconstruct  the 
accident  to  the  extent  possible  based  solely  on  physical  evidence. 
Thus,  we  did  not  interview  witnesses,  but  did  review  the  witness 
statements  taken  by  investigating  officers  when  they  were 
available.  Many  times  witnesses  were  asked  to  comment  about  speed 
of  either  their  boat  or  the  other  boat,  and  to  make  estimates 
regarding  distances. 

Judging  speed  and  distance  on  the  water  is  tricky  business, 
especially  at  night.  More  reliable  and  accurate  answers  regarding 
speed  might  be  obtained  by  simply  trying  to  ascertain  the  rough 
attitude  of  the  boat.  That  is,  was  the  boat  on  plane,  below 
planing  speed,  or  plowing?  Most  witnesses,  especially  occupants  of 
the  boat,  should  be  able  to  provide  those  answers  fairlv 
accurately. 

No  magic  formulas  exist  for  judging  distance.  Just  keep  in 
mind  that  speed  and  distance  estimates  provided  by  witnesses, 
of  their  location,  can  be  very  subjective  and  are  prone 
to  contain  inaccuracies. 
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13.7  Conclusions 

The  techniques  for  accident  reconstruction  Presented  in  this 

anJlysis  provide  valuable  tools  in  analyzing  over-ride  accidents. 

This  analysis  can  identify  the  initial  impact  angle,  the 
velocity  ratio  f  and  can  lead  to  speed  estimates  for  one  or  both 
boats  The  striation  analysis  is  especially  useful  when  a 

Sajeitory  analysis  is  not  posLbls  or  provides  overly  conservative 

results. 

A  traiectorv  analysis  can  be  expanded  and  applied  over-ride 
accid^t^ihS^n  significant  change  in 

boat  can  be  documented.  The  examples  provided  in  the 
Accident  No  7  assumed  that  the  target  boat  was  stationary.  Betwee 
tSS  Saiectorv  analysis,  the  combination  tra^ectory/f  notion 
SllvSl  Snd  the  striation  analysis,  we  now  have  reconstruction 
tools  for  over-ride  accidents  where  the  target  boat  is  station  y, 
and  where  both  boats  are  moving. 

„ost  'dtiifcir  t^s  ^orrctid°e^’;:\ra!;fi>yr" 

ran  be  estimated  if  the  deceleration  distance  is  known.  Using  the 
same  concept,  if  the  deceleration  rate  were  somehow  known,  the 
initial  velocity  could  be  estimated.  Speed  estim^es  can 
ie  based  on  needle  slap,  yet  so  far  it  has  not  been  Proven  that 
needle  slap  occurs  with  any  degree  of  consistency  in  boat 

accidents. 
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Figure  13-6 


Accident  No:l,  Striation  Analysis  for  62  -  101  degrees. 

The  following  shows  how  the  ratio  of  V2/V1  varies  when  62  :=  0  deg,  and  63  is 
allowed  to  vary  from  130  deg  to  150  deg. 

i  ;=  130  ..150 
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This  graph  shows  how  ¥2 /VI  changes  as  ©3  changes. 
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Accident  No:l,  Striation  Analysis  for  02  ;=  112  degrees. 

The  following  shows  how  the  ratio  of  V2/V1  varies  when  92  :=112  deg,  and  63  is 
allowed  to  vary  from  130  deg  to  150  deg. 


i  :=  130  ..150 

62  :=  112 

63  :=  i 
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This  graph  shows  how  V2/V1  changes  as  03  changes. 
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Figure  13-9 


Accident  No:l,  Striation  Analysis  for  62  123  degrees. 

The  following  shows  how  the  ratio  of  V2/V1  varies  when  62  ;=123  deg,  and  63 
allowed  to  vary  from  130  deg  to  150  deg. 


i  :=  130  ..150 

62  :=  123 

03  :=  i 

i 

This  graph  shows  how  V2/V1  changes  as  03  changes. 
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Figure  13-10 


Figure  13-13 


Figure  13-15 


Figure  13-16 


Accident  No.  2:  Striation  Analysis 


In  tois  graph  we  are  showing  how  the  velocity  ratio  changes  for  a  given 
striation  angle.  This  graph  is  based  on  a  fixed  value  of  the  striation  angle. 
This  graph  can  be  used  to  estimate  the  impact  angle  if  the  Velocity  Ratio  and 
striation  Mgles  are  known.  Remember  that  02  is  the  impact  angle,  and  that  03 
IS  the  striation  angle. 

03  =  215  degrees 
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This  graph  shows  the  velocity  ratio  for  the  entire  range  of  possible  impact 
angles.  The  closer  the  impact  angle  is  to  the  striation  angle,  the  higher  the 
value  of  the  velocity  ratio.  The  graph  becomes  undefined  when  02  =  03. 


Figure  13-20 


Accident  No.  2:  Striation  Analysis 

In  this  graph  we  are  showing  /®^°g^f^jjed^value^of^^e  striation  angle, 

striation  angle.  This  graph  is  ®  i|  the  Velocity  Ratio  and 

--  -  tnat  33 

is  the  striation  angle. 
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In  this  graph,  i  represents  the  range  of 
possible  impact  angles  (not  striation 
angles) . 
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Figure  13-26 


Impact 

DIRECTION 


sin  b  =  10718'  d  =  18  cos  b 

sin  b  =  0.556  d  =  18  (cos  33.7®) 

A-b  =  33.7®  d  =  14.98' 

A.a  =  56.25®  d  s  15' 


Estimating  Distance  The  I-Beam  Traveled 
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VIEW  FROM  BOW  LOOKING  AFT 


This  Diagram  Shows  How  a 
Marker  Could  Be  Used  to 


Scale  Drawing  of  Both  the  Boat  and  the  Channel 
Determine  the  Orientation  Between  the  Two. 
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This  Diagram  Shows  How  Much  of  the  Barge  May 
Have  Penetrated  the  Hull. 
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Figure  13-42 
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B  =  Bass  Boat 
C  =  Cruiser 


Accident  No.  6 
Possible  Accident  Scenario 
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Accident  No.  7 
Non-Penetration  Zone 
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Different  Methods  of  Estimating  Speed  for  an 
Over-Ride  Collision. 


Figure  13-52 


Figure  13-59 


Figure  13-65 


Figure  13-66 


Figure  13 


Accident  No.  10 


Possible  Impact  Angle  for  Accident  No.  10.  The  Vector 
Impact  Angles  Range  From  Approximately  225°  to  270  . 


Figure  13-72 


CHAPTER  14 


COMPUTER  SIMULATION  OF  A  RECREATIONAL 
BOATING  COLLISION  ACCIDENT 


14.0  Introduction 

Accident  reconstruction  techniques  in  the  boating  area  are  not 
as  advanced  as  reconstruction  techniques  in  other  areas  of 
transportation.  The  state  of  the  art  in  the  automobile  and 
aircraft  areas  with  regards  to  accident  reconstruction  may  involve 
extremely  sophisticated  computer  programs  running  on 
supercomputers.  Common  methods  applied  by  accident 

reconstructionist  may  involve  a  detailed  analysis  at  the  scene, 
aboratory  testing  on  failed  parts,  careful  examination  of  the 
damaged  structures,  and  the  use  of  microcomputers  and  special 
software  to  verify  hypotheses. 

states  however,  the  current  level  of  boat  collision 
accident  investigation  and  reconstruction  is  somewhat  less 
sophisticated.  A  complete  investigation  may  simply  be  to  have  an 
investigator  fill  out  a  form  which  shows  the  operator's  name  and 
address  and  basic  information  about  the  boat!  With  some  minor 
accidents  this  may  be  all  that  is  necessary.  The  problem  is  that 
severe  accidents  involving  multiple  fatalities  or  other  serious 
safety  concerns  are  often  not  investigated  any  more  thoroughly. 
Because  sophisticated  accident  reconstruction  tools  and  training  in 
the  boating  field  are  generally  not  well  developed,  a  more  thorough 

analysis  is  not  feasible,  at  least  not  for  collision  type 
accidents. 

•  current  level  of  boating  collision  accident  reconstruction 

IS  about  20  years  behind  that  of  automobile  accident 
reconstruction.  This  need  not  be  the  case.  The  boating  community 
can  take  advantage  of  recent  technological  developments  to  catch  up 
quickly.  Perhaps  the  most  powerful  tool  to  assist  with  that  task 
is  the  coi^uter.  One  of  the  goals  of  this  project  was  to  determine 

the  feasibility  of  applying  computers  to  boat  collision  accident 
reconstruction . 


14.1  Scope 

The  scope  of  this  portion  of  the  research  was  to  conduct  a 
computer  simulation  of  a  two-boat  collision  scenario.  The 
simulation  was  to  be  as  generically  representative  as  possible  of 
^  collision  accident  ^  involving  recreational  boats.  Wherever 
feasible,  the  simulation  was  to  include  the  dynamic  forces  and 
characteristics  of  an  actual  collision.  The  primary  focus  of  this 
simulation  was  to  study  the  overall  collision  dynamics.  It  was  not 
iritended  as  a  detailed  study  of  boat  structures. 
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14.2  Why  Conduct  a  Computer  Simulation? 


There  ere  eeverel  Xey  computers. 

a  computer  can  that  would  otherwise  not  be 

calculations  f °  forLlrte  and  modify  theories  and 

afiu?  and  ?ren^?un'  the  pro,ra»  to  evaluate  results 

only  iiioTii6nt.s  later. 

second,  in  order  to  conduct  a  «mpu?S 

every  detail  of  the  problem  as  a  result  force  the 

“^r^d  “^,raS=VoTarl7:ir^^^^^^^  all  aspects  of  the 

problein  in  detail. 

The  collision  insight  into 

complex  occurrence  at  least  i^ a  general  sense.  Additional 
SfolmatT^n  iar^’stm  needed  to  develop  better  accident 

reconstruction  techniques. 

1-  a-  r  4-0  fill  in  the  qaps  in  our  knowledge  base  would 
The  best  way  to  fill  |  ^voerimental  collisions  using 

have  been  to  conduct  a  s^^ies  of  conditions.  Costs 

instrumented  boats  under  careful  Y  being  a  realistic 

and  practical  limitations  kept  this^^from^  alternative .  was  to 

alternative  under  this  .  helo  formulate  theories  and 

utilise  the  power  of  computers  «  Jelp  fo^™  ^ 

algorithms  of  impact.  The  .  ^,  ared  favorably  with 

modifications  ,'""H\isfons.  While  it  m?y  sound  a  little  like 

previous  experimental  engineering  a  simulation  is  a 

cheating,  the  technique  of  f values  for  various 

rrrlicn  r^tL  outpu\“f 

resulting  motions  appeared  to  be  realistic. 

14.3  Specific  Purposes 

The  following  specific  purposes  and  goals  were  set: 

1.  TO  simulate  a  common  two  boat  collision  accident 
scenario; 

2.  TO  formulate  algorithms  of  impact  that  ca^  be^  u^^^^^^^ 

approximate  the  response  of  the  boats 
scenario; 

3 .  TO  identify  P°tcntial  strengths  and  wea>cneaBas  of  the^use 
of  computer  simulation  in  boat  coj.j.j.=. 
reconstruction  and/or  prediction; 
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identify  methods  to  relate  impact  damage  to  the 
accident  scenario; 

To  evaluate  the  potential  of  using  computers  to  explore 
the  minimum  speed  threshold  theory. 


14.4  The  Software  Used  for  the  Simulation 


One  of  the  problems  with  certain  simulation  programs  is  the 
form  of  their  output.  Computer  programs  are  capable  of  generating 
mass  quantities  of  tables,  graphs,  equations,  and  numbers.  So  much 
so  in  fact,  that  one  often  needs  a  computer  to  interpret  the 
results!  Human  brains  are  accustomed  to  understanding  visual 
images,  not  graphs  and  numbers.  The  best  simulation  programs  can 
present  their  output  as  visual  images.  The  motion  of  these  images 
1®  _  presented  on  the  screen  to  show  the  movement  of  the  actual 
ob;]ects.  It  was  essential  that  we  adopt  an  approach  which  allowed 
the  results  to  be  presented  visually  on  the  computer  screen. 

Two  software  packages  were  employed  for  this  analysis.  The 
first  was  used  to  perform  the  calculations  that  drive  the 
simulation.  The  second  was  a  software  package  used  to  interpret 
and  display  the  results  of  the  simulation  in  a  form  easily 
understood.  We  will  look  more  closely  at  each  one  of  these 
software  packages. 


14.4.1  Software  for  Dynamic  Analysis 

Tremendous  research  went  into  locating  the  software  package 
that  was  right  for  the  job.  The  use  of  computers  in  other  accident 
reconstruction  areas  was  studied  and  well  understood.  The  direct 
of  the  software  and  the  techniques  used  in  automobile 
and  aircraft  accidents  was  limited.  The  most  popular  automobile 
collision  analysis  programs  treated  accidents  as  two  dimensional 
problems,  and  thus  were  not  suited  for  use  in  a  boat  collision 
simulation.  A  few  programs  that  had  the  capability  to  perform 
analyses  in  three  dimensions  were  intended  only  for  a  certain  class 
of  accidents,  such  as  rollover  accidents  involving  heavy  trucks  or 
analysis  of  occupant  response  to  a  certain  crash  impulse.  The 
latter  types  of  programs  are  used  widely  in  both  aircraft  and 
accident  analyses  to  address  issues  of  occupant 

protection. 

What  was  needed  was  a  software  program  capable  of  performing 
a  generalized,  three-dimensional  dynamic  analysis  on  a  multi-body 
system.  Currently,  there  are  not  many  software  packages  available 
that  can  perform  these  tasks  well.  The  software  chosen  for  this 
task  was  the  ADAMS  software  package.  ADAMS  (version  5.21)  is  an 
acronym  for  Automated  Dynamic  Analysis  of  Mechanical  Systems. 
ADAMS  is  the  most  widely  used  software  of  its  kind.  Simply  stated, 
ADAMS  is  a  generalized  three  dimensional  dynamic  analysis  software 
package.  It  is  capable  of  analyzing  non-linear  systems  consisting 
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Tnni+-ir>1fi  bodies.  Popvilar  applications  of  ADAMS  include  the 
simulation  of  'automobile  suspensions,  various  machine  and 
mechLical  parts,  engines,  heavy  equipment  accidents,  and 
pilot  ejections  from  military  aircraft. 


14.4.2  Software  Used  for  the  Presentatiorr  of  the  Results 

Within  the  ADAMS  software  is  the  capability  to  present  the 
output  graphically.  Objects  can  be  represented  on 
be  driven  by  the  simulation  to  produce  an  animated  effect.  These 
capabilities  probably  would  have  proven  adequate  for  our  purposes, 
St  the  company  chosen  to  perform  the  dynamic  analysis  had  also 
developed  their  own  version  of  an  even  more  sophisticated  graph 
dilplS  software  program,  called  SDI  Animator.  SDI  Animator  can  be 
usJd  ?o  lolor  realistic  images  of  the 

The  movement  of  these  objects  can  be  viewed  real  time  on  the 
computer  screen,  providing  a  quick  understanding  of  the  dynamics 
?3vSd  a  complex  series  of  actions.  For  example,  ft  would 
take  hours  of  study  to  examine  a  series  of  charts  and  graphs  of 
llTelsraltonl  velSities,  and  position  time  histories  to  even 
Sgin  to  understand  the  dynamics  of  a  bullet  boat  J 

collision.  Using  SDI  Animator  (version  1.0),  the  results  can  be 
viewed  real-time,  using  realistically  detailed  images.  _  . 
provides  an  almost  instant  understanding  of  what  happened.  J 
Sa?S?ng  tte  simulation  on  the  computer  screen  P>^°vrdes  a  casual 
Observer  with  about  the  same  information  as  a  person  watching  the 
actual  collision  event. 


14.5  The  Collision  Simulation  Team 

The  knowledge  and  expertise  required  to  simulate  a  small  boat 
collision  accident  covers  a  wide  expanse  of  areas.  It 
special  blend  of  talents  to  develop  and  complete  the  project 
successfully.  After  careful  research  and  study,  it  was  determined 
that  we  needed  the  best  experts  in  several  areas. 

First,  we  needed  an  expert  familiar  with  the  state  of  the  art 
in  computer  simulation.  It  was  necessary  to  have 
knowledge  of  the  capabilities  of  a  wide  ?he 

hardware  in  this  area.  This  person  would  help  to  select  rne 

Lftware,  the  hardware,  and  the  company  9^^ 

to  perform  the  actual  simulation.  This  individual  would  also  play 
a  key  role  in  keeping  the  project  on  track  once  initiate  . 

The  person  selected  for  this  role  was  Dr.  Milton  Chace.  Dr. 
Chace  is  a  pioneer  in  the  development  of  the  computer-aided 
enqineering  field  of  large  displacement,  multi-body,  mechanical 
Snami;  s/stem  analysis.  This  is  exactly  the  type  of  software 
needed  to  perform  the  simulation.  Dr.  Chace  was  heavily  involved 
with  the  early  development  of  the  ADAMS  program.  In  addition,  he 
is  also  knowledgeable  about  other  programs  in  its  class. 
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Next,  we  needed  a  uniquely  qualified  and  experienced  group  or 
company  to  actually  perform  the  simulation.  This  company  was 
required  to  have  experience  conducting  complex  simulations  in  a 
vara^ty  of  areas.  We  needed  a  creative,  aggressive  group  unafraid 
to  tackle  new  areas.  It  was  also  deemed  necessary  to  locate 
someone  with  interest  and  experience  in  small  boat  design  and 
analysis. 


®^^®nsive  research  was  conducted  '<to  locate  those  companies 
with  the  experience  and  expertise  required.  Simulation  Dynamics, 
Inc.  (SDI) ,  with  President  Mark  Rupersburg  at  the  helm,  was  chosen 
to  execute  the  simulation.  SDI  has  extensive  experience  using 
ADAMS  to  conduct  simulations  in  an  impressive  variety  of  complex 
situations.  SDI  also  offered  the  additional  benefit  of  providing 
access  to  a  superb  graphics  program  to  assist  with  the 
interpretation  of  the  results.  SDI  was  accustomed  to  generating 
high  quality  images  during  a  simulation  and  transferring  them  to 
standard  VHS  videotape  for  easy  viewing. 

The  final  area  requiring  expertise  was  small  boats  and 
hydrodynamics.  The  hydrodynamics  involved  in  the  simulation  of  a 
boating  accident  are  highly  complex  and  a  critical  part  of 
determining  each  boat's  response.  Proper  input  into  the  simulation 
in  this  area  was  of  paramount  importance.  Once  again,  it  was 
deemed  ideal  to  locate  someone  familiar  with  boating  accidents  and 
the  complexities  of  the  small  boat  world.  Once  again,  after  a  long 
search,  the  ideal  expert  was  located.  Frederick  Ashcroft,  a 
research  engineer  at  the  University  of  Michigan,  was  chosen. 
Ashcroft  IS  a  naval  architect,  experienced  researcher,  and 
intimately  familiar  with  small  boat  design  concepts.  He  has  spent 
considerable  time  studying  and  testifying  as  an  expert  in  small 
boat  collision  accidents.  Thus,  he  was  not  only  interested  in  our 
research,  but  was  uniquely  qualified  to  fill  in  the  necessary  gaps. 


You  should  note  that  there  is  not  an  expert  in  boat 
structures,  composite  materials,  or  other  related  areas  listed 
above.  ^  Research  conducted  early  in  the  project  lead  to  the 
conclusion  that  the  general  dynamics  that  occurred  in  small  boat 
accidents  were  more  important  to  understand  than  the  details  of  the 
structural  problem,  at  least  in  the  early  stages  of  development. 
For  this  simulation,  it  was  decided  not  to  pursue  any  in-depth 
analysis  of  the  structural  deformation  of  the  boat  hull  on  the 
computer.  A  detailed  study  of  the  structural  response  would  have 
required  data  that  was  not  readily  available,  and  more  importantly, 
an  entirely  different  approach.  When  specific  structures  are 
analyzed,  the  problem  becomes  more  focused  on  a  particular  material 
structure,  thus  lessening  the  impact  of  the  program  as  a 
generic  model. 
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14.6  Selecting  a  Collision  Scenario 

The  scenario  selected  involved  a  relatively  conmon  accident 
situation  where  one  boat  thl  “side!  Six 

second  boat  striKes  xc  au  a  y  different  speeds.  Impacts 

different  runs  were  conducted,  each  at  ditrerenu  ^ 

an^  3^0 “ph!® The ''boSi  rtm\erwouw''\e"U  'open  eotorboats 
representative  of  a  common  design. 

The  dvnamics  involved  in  an  impact  vary  greatly  with  speed. 
iTs  ?o  see  hoJ^'wirf  the  vTrtou^^^  ofTmfact^corid'brmoLled! 

The  reasons  for  selecting  this  scenario  are  outlined  below: 

1  Choosing  a  scenario  with  both  boats  moving  was  not 

‘  consideLd  since  it  is  the  colliSon 

Also,  there  was  not  any  data  on  a  real  collision 

available  with  which  to  compare  the  results. 

9  Several  staged  collisions  had  been  conducted  earlier  by 
nr  that  matched  this  scenario.  This  would  permit  at 
iL^t  subjective  comparisons  of  the  computer  model  to  a 

real  collision. 

3.  UL  had  c" "?5“lfSnd  iS  Mpl:'%hoSrn« 

with°the  same  pair  of  boats.  Originally,  consideration 
was  given  to  conducting  runs  at  40  and  50  mph,  *^°wever  i 
was  decided  not  to  conduct  runs  at  those  speeds  for 
^iSphrai  riasons  One  was  that  UL  had  not  conducted 
SomJLns  above  30  mph,  and  secondly  the  design 
paramliers  of  the  boat  modeled  limited  it  to  a  real  life 
speed  of  30  mph. 


14.6.1  Selecting  an  Impact  Point 

considerable  discussion  went  into  determining  the  best 

point^r^rp^etboat  0xl,inauy  the^^ 

impact  point  forward  of  the  CG  and  CLR  on  rne  y  rotation 

fccurtlly  ■rtlufren^Ieprxnoiled,"!  orthe  h^drodynablc  T^ces 

accuratie  X  ,  4-viza  inii-ial  hull  response  upon  impact. 

Sr"hS 
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Strong  impact  algorithms  and  on  hydrodynamic  effects. 

first  time  a  simulation  of  this  nature  had  been 
attempted,  it  was  agreed  that  it  was  better  to  keep  it  simple  and 

complicate  it  so  much  that  it  became  an 
impossible  task!  The  target  boat  was  permitted  to  roll  and  pitch 
^'^ring  impact  as  the  collision  progressed. 

14.6.2  Degrees  of  Freedom  (DOF) 

n  ideal  simulation  would  model  all  six  DOF  for  both  boats. 

feasibility  study,  the  bullet  boat  was 
restricted  to  three  DOF.  The  bullet  boat  was  not  allowed  to  move 
laterally,  roll  about  its  longitudinal  axis,  or  yaw  about  its 
vertical  axis.  These  restrictions  simplified  the  coding  required 

'^ifhout  significantly  affecting  its  accuracy. 
Thus,  the  bullet  boat  was  free  to  rotate  about  its  pitch  axis,  and 
translate  in  the  vertical  and  horizontal  directions.  The  target 
boat  was  modeled  using  all  six  DOF. 
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The  Boats 


The  goal  was  to  model  a  typical  motorboat  in  the  16  to  19  foot 
length  range.  The  boat  was  to  have  a  hull  form  typical  of  a  large 
percentage  of  modern  craft.  In  the  interest  of  economy,  the  same 
boat  design  was  used  for  both  the  bullet  boat  and  the  target  boat. 

Instead  of  choosing  a  hull  form  which  belongs  to  a  particular 
manufacturer,  we  chose  to  create  a  generic  planing  hull  form 
representative  of  a  large  number  of  modern  watercraft.  This  hull 
form  was  designed  by  Ashcroft  and  is  shown  in  Figure  14-1  and 

The  hull  was  designed  to  be  typical  of  a  planing  boat  with 
average  performance.  Characteristic  properties  of  high  performance 
or  special  purpose  hulls  were  deliberately  avoided.  The  intent  was 
to  make  the  boat  as  generically  representative  as  possible.  The 
boat  was  modeled  with  a  90  HP  outboard  motor.  The  transom  of  the 
hull  was  designed  with  the  standard  14  degree  transom  angle. 

Once  the  boat  was  designed,  it  was  assigned  a  weight  and  mass 
properties.  The  mass  properties  were  necessary  for  the  ADAMS 
simulation  so  that  appropriate  reaction  and  inertial  forces  could 
be  generated.  The  mass  properties  of  the  boat  were  also  necessary 
in  order  to  generate  realistic  trim  angles  and  attitudes  for  the 
boat  in  the  water  at  varying  speeds. 

mu  boats  had  weight,  mass  and  associated  inertial  values. 
The  effects  of  gravity  were  included  on  both  boats. 


14.7  Method 

14.7.1  Summary  of  Steps  Required 

A  summary  ot  the  steps  taken  to  research  and  execute  the 
simulation  are  summarized  below. 

1  Evaluate  the  benefits  and  current  application  of 
computers  in  the  automobile  and  aircraft  accident 
reconstruction  and  simulation  areas 

2  Evaluate  the  potential  ^ 

conducting  a  recreational  boat  collision  computer 

simulation 

3.  Determine  the  requirements  and  capabilities  of  the 
software  needed  to  conduct  the  simulation 

4.  conduct  research  to  locate  software  with  the  necessary 
requirements 

s  Determine  the  outside  expertise  required,  and  locate  the 
best  in  each  area  (general  computer  simulation,  smal 
boats  and  hydrodynamics,  and  simulation  expert) 

6.  Choose  the  software  needed,  and  determine  its  hardware 
requirements  . 

7.  Select  the  desired  collision  scenario  and  determine 
methods  to  be  used. 

8.  conduct  a  trial  run  of  the  simulation  using  the  best  data 
available. 

9.  compare  to  experimental  collisions  previously  conducted 
for  similarities  and  discrepancies. 

10.  Refine  simulation  model  based  on  results  of  (9)  above. 


Analyze  results  and  write  report 


<14.7.2  General  Simulation  Layout 

The  scenario  chosen  was  executed  utilizing  bullet  boat  speeds 
^  K  in  20  25  and  30  mph.  The  scenario  began  at  a  point  in 

re-entered  the  water . 
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One  of  the  advantages  of  using  a  computer  is  that  virtually 
any  information  desired,  such  as  forces,  velocities,  accelerations, 
etc. ,  can  be  obtained  at  any  point  in  time  for  any  part  of  the  boat 
desired.  The  same  is  true  regarding  views  and  perspectives.  The 
event  being  modeled  can  be  viewed  from  any  position  or  perspective. 

For  each  simulation  run,  at  least  three  views  of  the  entire 
run  were  recorded  and  transferred  to  videotape.  Each  view  was  then 
recorded  in  real-time,  and  then  in  slow  motion. 

Only  video  data  was  provided  for  all  runs  except  the  30  mph 
impact.  Several  experimental  collisions  had  been  conducted 
previously  by  UL  at  approximately  30  mph.  Since  the  30  mph  impact 
was  of  special  interest,  additional  data  was  obtained.  Both  graphs 
and  tabulated  data  were  printed  that  contained  specifics  regarding 
forces,  accelerations,  positions,  and  related  parameters  as  a 
function  of  time.  If  instrumented  tests  are  conducted  in  the 
future,  the  data  from  the  instrumented  boats  can  be  compared  to 
that  presented  in  this  report.  This  will  provide  valuable 
information  to  refine  the  simulation  model. 


14.8  Algorithms  and  Assumptions 

14.8.1  Boat  Hull  Performance  and  Characteristics 

When  developing  the  algorithms  and  equations  used  in  the 
simulation,  it  was  necessary  to  start  with  the  basics.  The  basics 
included  determining  such  information  as  how  the  bullet  boat  would 
travel  through  the  water  and  how  the  hull  of  the  target  boat  would 
respond  to  the  impact. 

Before  any  equations  could  be  entered  into  the  ADAMS  program, 
the'  properties  of  the  boats  utilized  had  to  be  fully  developed  and 
understood.  Mass  properties,  stability  characteristics,  and 
performance  predictions  for  speed,  trim  angle,  dynamically 
supported  weight  and  related  parameters  were  calculated. 

This  work  was  conducted  by  Ashcroft  using  a  variety  of 
techniques.  All  of  the  hydrostatic  calculations  were  performed 
using  the  Intact  Stability  Program  -  INTAC  1.1,  Adapted  from  the 
Ship  Hull  Characteristics  Program  (SHCP) ,  from  the  University  of 
Michigan,  Department  of  Naval  Architecture  and  Marine  Engineering. 
The  data  generated  from  this  program  can  be  found  in  Volume  2  of 
this  report. 

The  dynamic  performance  curves  generated  were  based  primarily 
on  the  data  presented  in  a  paper  entitled  the  "Hydrodynamic  Design 
of  Planing  Hulls,"  by  Daniel  Savitsky,  published  in  the  October 
1964  issue  of  Marine  Technology.  This  paper  is  still  a  standard 
teaching  reference  for  planing  boat  design. 
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Data  oonsldared  essential  for  the  simulation  ms  generated. 

A  summary  of  the  required  types  of  data  are  listed  belo  . 

1  Tiriiti  ancfl©  vs*  spssd.^ 

2.  Roll  stiffness  at  zero  speed  (righting  arm); 

3.  Basic  hull  properties  at  each  speed; 

4.  Rise  in  CG  for  each  speed; 

5.  The  location  of  the  center  of  pressure. 

The  tvnes  of  data  listed  above  were  generated  and  used  as 
inputs  to  the  ADAMS  program  or  used  to  verify  ADAMS  calcu  a  ion 
appropriate. 

For  our  model,  the  assumption  was  made  that  all  lorcBs  ^^onld 
act  through  the  CG  of  the  boat.  This  helped  to  make  the  model  as 
•  Thess  assuiuptions  were  deemed  to  be 

permitted  the  use  of  a  simplified  version  of  the  Savitsky 
4_ ?  «  /-FonnH  in  reference  4)  to  predict  the  planing  speed  of 

This  methJI  MS  checked  against  hulls  used  as  examples 
o?  SaviJky's  Mrt  and  the  Series  62  paper  (reference  5)  and  found 

£r  HftLrfs  \rt?e 

1 .  Trim  Angle  vs.  Speed 

The  graph  of  trim  angle  vs.  speed  found  in  Figure  14-3 
was  generated  using  the  simplified  Savitsky  equations. 
These  data  place  the  bullet  boat  at  the  proper  trim  angle 
at  impact  for  the  various  impact  speeds  used. 


Foil  stiffness  at  Zero  Speed 

Roll  stiffness,  also  referred  to  as  righting  ^rm,  was 
obtained  from  the  Static  Stability  Curve  found 
14-4.  Four  curves  are  shown  on  this  plot.  Eacn  one 
assumes  a  different  coordinate  for  the  Vertical  Ce^t®^  ^ 
Gravitv  (VCG) .  The  values  used  ranged  from  0.0  to  3.0 
ft  The  VCG  value  of  2.0  feet,  labeled  as  Case  3,  was 

used  for  our  model.  The  Longitudinal  ^^Sii^feet^^^This 
(LCG)  is  shown  on  the  graph  as  minus  2- 511  feet.  T 
means  that  for  this  graph,  the  LCG  was  located  2.511  feet 

aft  of  amidships. 
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The  static  stability  curves  are  necessary  to  determine 
the  proper  roll  response  of  the  target  boat  when  struck 
from  the  side.  The  computer  generates  information 
regarding  the  forces  and  their  locations  applied  to  the 
hull  of  the  target  boat  during  impact.  These  forces 
translate  into  moments  about  the  CG  of  the  target  boat 
that  have  the  tendency  to  roll  the  boat.  The  roll 
stability  data  determines  the  proper  roll  angle  for  a 
given  moment.  The  static  stability  data  was  generated 
using  INTAC  1.1,  Adapted  from  the  Ship  Hull 
Characteristics  Program  (reference  3). 


Basic  Hull  Properties  at  Each  Speed 

Basic  hull  properties  such  as  station  sectional  areas  and 
hull  form  coefficients  (such  as  waterplane  areas  and 
moments  of  inertia)  were  calculated  for  the  boat  fixed  in 
trim  at  the  match  point  rim  angles  from  the  speed/power 
calculations.  This  data  was  used  to  verify  the  dynamic 
balance  calculations  used  in  the  ADAMS  simulation. 


4.  Rise  in  CG  at  Each  Speed 

When  a  boat  is  at  zero  speed  in  the  water,  its  entire 
weight  is  supported  by  the  buoyant  force  created  by  the 
displaced  water.  When  a  boat  is  on  plane,  very  little  of 
the  hull  may  be  in  the  water.  Although  some  water  is 
displaced,  there  is  certainly  not  enough  buoyant  force  to 
keep  the  boat  afloat.  Thus,  there  must  be  another  force 
that  helps  to  support  the  weight  of  the  boat.  This  force 
IS  called  the  dynamic  lift,  and  is  created  by  the  water 
passing  underneath  the  hull  with  the  boat  at  the  proper 
trim  angle.  The  amount  of  the  weight  supported  by  this 
force  is  called  the  dynamically  supported  weight. 

The  value  of  the  dynamically  supported  weight  is  zero 
when  the  boat  is  stationary  or  at  low  speeds.  When  the 
boat  is  on  plane,  most  of  the  boat's  weight  may  be 
dynamically  supported.  The  value  of  the  dynamically 
supported  weight  is  important  in  detennining  the  rise  in 
CG  of  the  bullet  boat  as  it  travels  from  zero  to  various 
planing  speeds.  Proper  placement  of  the  CG  of  both  boats 
at  impact  is  an  essential  part  of  creating  an  accurate 
simulation. 


— location  of  the  Center  of  Pressure 

The  center  of  pressure  is  the  point  through  which  the 
hydrodynamic  forces  act  on  the  bottom  of  the  hull  as  the 
boat  moves  through  the  water.  For  our  model,  it  was 
assumed  to  act  through  the  CG. 
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14.8.2  Driving  the  Bullet  Boat  Through  the  Water 

For  -ch  simulation  run  sl^Ply  set^at^the 

bv  AshCT^ft  and  by  the  ADAMS  program.  The  hydrodynamic 
generated  by  /  modeled  by  the  ADAMS  program.  The 

forces  octin^g  on  the  hull  w^e  to  the  slightly  more 

trim  angle  calculatea  oy  au  ,  ^v,r-yfTf+-  The  sliqht  differences 
accurate  values  greater  accuracy  of  the  SHOP  for  these 

obtained  are  attributed  gt  values,  the 

purposes.  In  order  to  conv  fore  and  aft  from  one  run 

location  of  the  CG  was  shifted  predictions 

to  the  next,  iterating  “"“If/  “theme  differences 

wSfleierm''in'ed“not'’?o‘’h;ve  any  significant  effect  on  the  results. 

14.8.3  Bullet  Boat  Structure 

The  bullet  boat  was  modeled  as  a  totally  rigid 
structuJe""  This  :Lt%a"se^\"%a?:^y! 

does  the  structure  of  the  bullet  boat 
suffer  badly  when  striking  a  fiberglass  boat. 


14.8.4  Target  Boat  Structure 

The  target  boat's  structural  response  was  a  optical  part^of 

kaS  Hsni 

Sea  is  p?oScS“i:l  Sudul^  ^  ^n\Sad  ^°o? 

from  several  J^J^'^tructural  d^  of  the  target  boat, 

modeling  in  detail  t  laroe  scale  deformations  were  used, 

mechanical  representations  of  ^  ^  force  vs  deflection  curves 

The  focus  was  on  developing  reasonable  force  vs.  aerieou 

InStead  of  modeling  material  stresses  and  strains. 

r.  c.ra-t-  no  cio  that  the  target  boat  was  impacted 
The  scenario  was  set  up  so  that  no^vawing  would  occur. 

at  the  CR  (Center  of  ^  center  of  gravity  (CG)  ,  center 

Furthermore,  it  was  assume  lateral  resistance  (CLR) ,  were  all 

of  rotation  (CR)  ,  oSnfSSfin  lii;  with  the 

co-incident  at  one  P°inb^  modeled  as  a  rigid  body  except  in 

irSefs^^Ladfately  involved 

:inhrh:r”“ln“olle^ri:rfs™?hrovtfaU  hull  Shape  was  not 
permitted  to  bend  or  twist. 
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14.8.5  Structure  To  Determine  Initial  Impact  Response 

During  an  impact,  fiberglass  hull  sides  can  flex  over  a 
relatively  large  distance  without  breaking  or  without  penetration 
occurring.  When  the  load  reaches  some  critical  point,  the  hull 
will  fracture  and  separate  as  the  bow  of  the  bullet  boat  begins  to 
penetrate.  This  set  of  conditions  was  modeled  by  determining  a 
maximum  breaking  force  for  the  hull  side  (set  at  5000  lbs),  a  force 
curve  (8500  Ib/ft),  and  a  maximum  linear  viscosity 
coefficient  (set  as  10  (Ibf-sec) /ft) .  The  latter  term  determines 
t  force  applied  contrary  to  the  impending  motion  of  the 

bullet  boat  proportional  to  the  relative  speed  of  the  two  vessels. 


o^tunately ,  there  was  not  sufficient  hull  structural  data 
base  all  of  these  parameters  on  experimental  data.  Most 
of  these  numbers  were  based  on  trial  and  error  and  engineering 
judgment.  The  basic  relationships  were  understood;  however,  the 
specifics  of  all  the  values  for  various  parameters  were  not  known. 

e  simulated  collisions  as  viewed  in  SDI  Animator  were  compared  to 
videotapes  of  similar  collisions.  Differences  in  reactions  and 
dynamics  were  observed.  Often  it  was  necessary  to  go  back  into  the 
model  and  refine  certain  values  until  the  video  outputs 
corresponded  more  closely.  ^ 


Since  the  simulation  differed  from  any  particular  experimental 
collision  conducted,  it  was  not  expected  that  the  response  of  the 
model  would  or  should  precisely  match  the  response  of  a  previous 
experiment.  Therefore,  some  of  the  differences  were  understandable 
and  realistic,  given  the  differences  between  the  model  and  the 
actual  event. 


14.8.6  Structure  to  Determine  Mid  and  Late  Impact  Response 

Even  though  much  of  the  hull  material  on  the  struck  side  is 
damaged  or  swept  away,  the  dynamics  of  the  collision  are  largely 
determined  by  two  hard  points  on  the  vessel.  Choosing  the  proper 
location  of  these  hard  points  was  critical  to  the  success  of  the 
collision.  The  diagram  in  Figure  14-5  illustrates  this  point. 
Points  1  and  2  represent  the  locations  chosen  for  these  hardpoints. 

^  Point  2  is  the  top  of  the  gunwale  on  the  side  opposite  of 
impact.  Damage  at  this  point  in  many  collision  accidents  is  either 
minimal  or  non-existent.  The  boat  either  completely  clears  this 
gunwale,  or  slides  across  the  top  of  it  as  the  collision 
progresses. 

Point  1  is  a  location  that  is  more  variable,  and  does  depend 
on  the  structure  of  the  target  boat  hull  side,  and  the  geometry  of 
the  bullet  boat.  For  our  model,  the  location  of  this  hardpoint  is 
the  intersection  of  the  hull  and  chine.  For  a  target  boat  with 
relatively  soft  hull  sides,  this  is  a  good  location. 
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When  discussing  these  impact  hardpoints, 

realize  that  these  may  not  be  hard  ^  some 

•hr-^^ditinnal  sense.  A  hard  point  is  usually  thought  of  as  some 

reinforced  portion  of  the  boat  or  a  point  where  the  structure  is 
deliberately  made  rigid  and  stiff,  such  as  at  a  bulkhead  location. 
An  impact  hard  point  as  defined  in  the  simulation  is  defined  as  a 
location  about  which  moat  of  the  weight  and  corresponding  impact 
forces  of  the  bullet  boat  seem  to  be  concentrated.  These  are 
iocrions  wWch  likely  support  most  of  ^oat-s  weigh^  « 

nrovided  a  large  resistance  to  an  impact,  and  thus  determine 
response  of  the  striking  boat.  These  locations,  with  regard  t 
collisions,  may  be  more  appropriately  called  huPPOft  points.  In 
some  collisions,  these  points  are  not  clearly  defined  or  may  exis 
for  only  a  portion  of  the  collision. 

14.8.7  Friction  During  Contact 

Friction  during  the  impact  was  grossly  simulated  by  applying 
a  constat  value  friction  force  of  468  lbs  while  the  two  yessels 
were  in  contact.  This  corresponds  to  a 

friction  of  0.1  when  normal  forces  are  equal  to  the  bullet  boat  s 
weight.  This  approach  was  used  to  simplify  the  coding  involved, 
true  friction  simulation  would  have  involved  applying  ® 
linear  friction  force  that  varied  as  a  function  of  the  normal 

contact  forces. 


14.8.8  The  Simulation  of  Impact  as  Conducted  by  ADAMS 

The  simulation  consisted  of  three  main 
narts  Part  1  was  defined  as  the  global  origin.  Part  2  was  the 
bullet  boat,  and  Part  3  was  defined  as  the  target  boat.  Each  part 
has  associated  with  it  a  Local  Part  Reference  Frame  (LPRF) .  The 
LPRF  is  a  triad  of  unit  vectors  which  is  attached  to  and  moves  with 

the  part. 

To  understand  how  ADAMS  was  used  to  simulate  the  impact,  it  is 
necessary  to  have  a  clear  view  of  the  marker 
-in  the  impact  force  computations.  A  marker  is  simp  y 
point  in  the  simulation  that  is  of  some  special 

oroarammer.  To  the  computer,  a  marker  is  the  combination  of  a 
point  and  a  triad  of  unit  vectors,  thereby  providing 
and  orientation.  Each  marker  is  given  a  number  P^°3ith 

a  means  of  identifying  it.  The  number  is  in  no 
the  coordinates  (location)  of  the  marker.  For 

does  not  mean  that  the  marker  is  located  at  a  position  100  unit 
away  from  the  origin. 
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impact  analysis  is  represented  with 
respect  to  the  LPRFs.  The  LPRF  acts  as  the  sole  reference  for 
collection  of  markers  that  move  with  the  part.  These 
LPRFs  need  not  be  located  within  the  physical  boundaries  of  their 
respective  parts,  as  might  be  expected.  Instead,  they  can  be 
located  well  outside  of  the  boundaries  of  the  part  with  which  they 
are  associated.  ^ 


4-  shows  the  overall  geometry  of  the  collision  scene 

•  1  ^  beginning  of  the  simulation  run.  Five  important  markers  are 

included  in  this  figure.  Marker  number  100  is  a  fixed  reference 
w'  -1  n  surface  of  the  water  in  line  with  the  path  of 

the  bullet  boat.  This  point  serves  as  the  global  origin  for  the 
simulation.  Markers  200  and  201  are  fixed  relative  to  part  number 
2  (the  bullet  boat) .  Markers  300  and  301  are  fixed  relative  to 
^  target  boat).  Markers  200  and  300  are 

Identified  in  the  respective  part  2  and  part  3  statements  as  center 
of  mass  markers.  Markers  201  and  301  are  positioned  directly  under 
the  bow  points  of  the  boats,  on  the  extension  of  the  keel  lines,  as 
shown  in  Figure  14-5. 


In  the  beginning  of  the  simulation  run,  at  time  zero,  each 
associated  LPRF  are  placed  in  the  proper  location  on 
the  global  coordinate  system  with  respect  to  marker  100.  Remember 

origin  for  the  global  coordinate  system. 
Note  that  the  x  local  coordinates  of  markers  200  and  201  are  large 
numbers  when  entered  in  the  data,  132.850  and  120.000  respectively. 

Likewise,  the  impact  center  markers  also  have  correspondingly  large 
X  values.  ^ 


In  Figure  14-6,  the  directions  associated  with  the  markers  are 
shown  as  right-handed  triads  of  unit  vectors.  Small  circles  with 
dots  in  the  center  indicate  unit  vectors  directed  out  of  the  plane 
and  small  circles  with  crosses  indicate  unit  vectors  directed  into 
the  plane.  Note  that  markers  300  and  301  have  been  rotated  90 
degrees  about  their  z  axis,  relative  to  the  initial  orientation  of 
the  part  3  LPRF.  Placing  these  LPRFs  in  this  orientation  halves 
the  problem  of  defining  hull  geometry  for  graphics  purposes.  The 

bullet  boat  relative  to  marker  201  are 
Identical  to  the  hull  coordinates  of • the  target  boat  relative  to 
marker  301  as  rotated. 


Figure  14-5  and  14-7  show  the  essential  marker  geometry  used 
mu  bullet  and  target  boats  to  set  up  the  impact  computations. 
The  keel  and  bow  of  the  bullet  boat  are  represented  by  a  series  of 
19  two-foot  diameter  circles.  The  centers  of  these  circles  are 
located  at  markers  20001  through  200019.  On  the  target  boat, 
points  of  possible  collision  are  represented  by  markers  3200  (port 
gunwale),  3300  (starboard  gunwale),  and  3400  (port  chine). 

Thus,  there  are  57  (19  x  3)  possible  force  fields  defined 
between  all  possible  combinations  of  one  of  the  target  boat 
markers,  and  the  19  circles  on  the  bullet  boat.  Throughout  the 
numerical  integration  of  system  motion,  ADAMS  constantly  checks  to 
see  If  any  of  the  19  circles  has  made  contact  with  or  penetrated 
the  three  target  boat  markers.  If  penetration  has  not  occurred,  the 
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chine.  For  forces  in''°l«P9  “arts’:  3200,  i3 
=?  Se^^puiTvelSLls^rrS^d  ^Sro.  This  si.uiates 
breaking  through  the  hull  side. 

AS  discussed  earlier,  this  representation  of  impact  in°l"ded 


14.9  Presentation  of  Data 


14.9.1 


Overall 


oiv,^  rfvanhics  created  by  SDI  Animator  based  on  the  ADAMS 
computations  ^  simulttiorruns^°  Addition! 

r?!s? 

data  may  be  found 

in  the  Appendix,  Volume  2  of  this  report. 

14.9.2  Graphics 

Tho  araohics  of  each  simulation  run  provided  valuable 

An  initial  problem  with  analyzing  the  traveled 

solid  color  background  (the  water)  ,  "?  ^  “Jored'^grid  was 

^!Sfon^  t^h^l^wfrtr-l^urtac^To  Is^ls^'with  visual  interpretation 
of  the  events  displayed. 
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Results 


The  only  data  output  for  all  collision  runs 

i&n  rt'fce^l^eo  ^ta  were%^e%\“ild-f^t^^^^^^^^^ 
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Figure  14-8  contains  a  list  of  all  graphs  data  generated  for 

graphs  and  data  for  the  30  mph 
collision  are  contained  in  Volume  2,  Appendix.  ^ 

14.10.1  Overview 

j  section  will  present  an  overview  of  the  collisions 

conducted  from  5  to  30  mph  based  on  the  data  provided  on  the 
simulation  videotape.  The  following  description  of  events  is  based 
on  the  graphics  presented  for  each  simulation  run. 

win  conducted  at  5,  10,  15,  20,  25,  and  30  mph.  We 

describe  significant  motions  of  the  target  boat  and 

will  be  made  assessment  of  the  accuracy  of  each  run 

14.10.2  Impact  -  5  MPH 

Of  the  bullet  boat  was  observed  to  rise  slightly  at 
impact.  Its  motion  basically  stopped  and  its  energy  transferred  to 
the  target  boat.  The  target  boat  reacted  quickly  and  slid 
approximately  seven  feet  laterally  through  the  water  before 
The  target  boat  did  not  roll  about  its  longitudinal  axis 
at  impact.  There  was  no  penetration  of  the  hull  side  of  the  target 

iKo  '  impact  forces  were  less  than  5000 

forth'  ^  actions  and  reactions  appeared  to  be  relatively  accurate 


14.10.3  Impact  -  10  MPH 

The  bow  of  the  bullet  boat  pitched  up  at  impact  noticeably, 
then  penetrated  the  hull  of  the  target  boat.  The  bullet  boat  then 
continued  to  climb  up  over  the  target  boat  until  its  bow  was 
hanging  over  the  far  side  of  the  target  boat.  The  lower  portion  of 
the  bow  was  actually  resting  on  the  rigid  gunwale.  At  that  point, 
the  velocity  of  the  bullet  boat  relative  to  the  target  boat  was 

The  target  boat  experienced  a  series  of  changes  in  roll  angle 
impact  progressed.  Initially  at  impact,  the  target  boat 
rolled  slightly  toward  the  bullet  boat,  then  leveled  off  as 
penetration  began.  As  the  bullet  boat  penetrated  further,  the 
arget  boat  began  to  roll  in  the  opposite  direction.  Once  contact 
was  made,  both  boats  slid  through  the  water  together  for  a  distance 
of  approximately  9  feet. 

The  roll  motion  of  the  target  boat  is  considered  to  be 
reasonably  accurate  for  this  type  of  engagement.  At  this  speed, 
!.  fPP®®"^®  to  be  too  soft,  as  10  mph  impacts  do  not 
generally  lead  to  hull  penetration.  Since  penetration  occurred,  it 
IS  an  indication  that  the  impact  forces  exceeded  5000  lbs. 
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This  collision  involved  " ""TSere  was 
bullet  boat  stopped  on  top  |  penetration  occurred. 

ira^ss^M^  in™  on  tU  ths''  friction  forces  Modeled  are 
not  high  enough. 

What  appeared  to  be  hTlT  of  the 

a  reaction  force  that  acts  ^  y^  -,-1  The  bow  of  the 

Lllet  boat  sfter  it  has  hull  side,  but 

bullet  boat  started  „„<-<>  nenetration  had  occurred.  In  a 

immediately  dipped  back  dow  occur.  While  it  may  be  true 

real  collision,  this  does  the  boat  from  driving 

that  the  ^|rces  which  P  through  the  hull  side, 

forward  are  reduced  after  tne  dow  r.-ttom  of  the  hull  change  more 
the  vertical  forces  which  act  on  the  bottom  the  hull 

gradually.  This  ^fhatfe  ^of  the  bow  of  the  bullet  boat.  It 

:irb^^forsrble“t^o^"wrife“’’a^mLf^  i" 

siLlations  to  take  these  forces  into  account. 


14.10.4  Impact  -  15  MPH 

The  general  motion  was  almost  ^^There^wa^  no^visible 

mph  collision  with  only  ^  or  in  pitch  angle  of  the 

change  in  roll  angle  of  th  that  the  impulse  created  at 

bullet  boat  at 

impact  was  of  such  a  abor  hoat  rode  up  onto  the  target  boat 

haSe  time  to  react.  The  ^“Utlon  relative  to  the 

further  than  at  1° J?!  v^uHet  boat's  outboard  was  within  1  to 
riroV?S  fidf;?  “t^target  boat,  ^e^bullet  bo^at  d«  not^ride 

boit^s^rd\<^T4er''thr^gh  th^  witer  approximately  13  feet. 

The  accuracy  of  the  J-f  at  this 

because  so  few  anoears  reasonably  accurate. 

speed.  The  basic  motion  of  both  boats  appe^^^ 

The  ^bo^at  traveling  at  ^^hum  speed.  The  question 

present  for  a  small  boat  „r.miT-  at  this  speed  is  not  easily 

SLwer'ed"''  ?rcould'°dVendlng  upon  the  individual  structure  and 

geometry  of  the  boats  involved. 

The  basic  motion  of  this  ^"‘P^^^Qj^^jnately  ll^mphf^  For  that 
experimental  ran  over  a  smaller  14  foot  open 

HV  £nVo‘  ffl?^wfth°"wa\Tr  tnd'^inV.  ^°P^‘’?ra4 
Silisfon^K^ry  p\\\\"ra\“ion  of  the  side  ^did  ^not  occur  because 
the  bow  was  well  above  the  side  a 
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14.10.5  Impact  -  20  MPH 


This  collision  was  significant  because  it  was  the  lowest  speed 
at  wl^ch  the  bullet  boat  actually  went  all  the  way  across  the 
target  boat.  ^  There  was  almost  no  perceptible  free  flight 
trajectory  motion  associated  with  this  collision.  The  bullet  boat 
penetrated  the  hull  side  immediately  with  no  noticeable  reaction 
target  boat.  The  bullet  boat  then  began  to  ride  up  onto 
the  target  boat,  and  had  just  enough  energy  to  slide  all  the  wav 
across  it,  and  re-enter  the  water. 

It  is  interesting  to  note  that  while  the  two  boats  were  in 
contact,  the  target  boat  slid  laterally  approximately  12  feet.  As 
boat  began  to  leave  the  target  boat,  the  target  boat 
rolled  steeply  in  the  direction  away  from  the  impacted  side. 


The  general  motion  and  trends  represented  by  this  impact 
appear  to  be  fairly  accurate.  This  impact  suggests  that  this  is 
about  the  lowest  speed  at  which  it  is  likely  for  the  bullet  boat  to 
travel  all  the  way  across  the  target  boat.  For  the  boats  modeled 
here,  this  appears  to  be  a  reasonable  result.  Caution  in  assessing 
the  accuracy  of  this  model  is  needed  due  to  the  limited  amount  of 
data  available  for  comparison  which  corresponds  to  this  scenario. 


14.10.6  impact  -  25  MPH 


The  general  motion  of  both  boats  at  25  mph  is  similar  to  that 
escribed  for  the  20  mph  collision  with  only  a  few  exceptions.  The 
boat  struck  and  traveled  over  the  target  boat  more  easily. 
The  target  boat  slid  laterally  only  about  5  feet  while  the  two 
boats  were  in  contact.  There  was  no  perceptible  reaction  from 
either  boat  when  hull  penetration  occurred.  The  bullet  boat  did 
not  experience  any  significant  trajectory  motion.  The  bullet  boat 
apeared  to  have  traveled  approximately  5  feet  horizontally  through 
the  air  after  last  contact  with  the  target  boat. 

^  The  lack  of  any  perceptible  reaction  when  penetration  occurs 
IS  a  reasonable  response.  This  is  consistent  with  collisions 
conducted  on  fiberglass  boats  of  approximately  this  size  in  past 
experimental  collisions.  Typically,  by  the  time  the  bullet  boat 
speed  reaches  25  mph,  there  is  a  significant  height  and  distance  to 
the  trajectory  of  the  bullet  boat. 


14.10.7  Impact  -  30  MPH 

This  was  the  highest  speed  impact  simulated.  Simulations  were 
no  conducted  using  higher  target  boat  speeds  for  one  primary 
reason.  No  experimental  collisions  had  been  conducted  at  speeds 
greater  than  30  MPH  so  that  the  data  could  not  be  compared  to  a 
real  event. 
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The  dynamic  response  of  both  boats  at  "this  speed  is 
The  ayn  „avs  to  previously  conducted  experimental 

?he  baue\  bo'kt  tie  hull  side  without  any 

peiiSibl^  response  from  the  target  boat.  The  target  boat  does  not 
respond  by  either  pitching  or  rolling  until  the  bow  of  the  bullet 

boat  makes  contact  with  the  far  gunwale,  bSt  thS 

previously  conducted  experimental  collisions.  The  bullet  boat  t 
t^Jveir  across  the  target  boat  and  leaves  airborne.  .the 

simulation  the  bullet  boat  achieves  a  low  height  free  flight 
traiectory 'motion  for  approximately  15  feet  horizontal]^ 

LnLct.  The  target  boat  sid^  ThI  target 

hoa-i-  after  the  bullet  boat  penetrated  the  hull  side.  me  rarge 

bos^f  roll  position  then  changes  rapidly  as  the  oollision 

n?oLlssL  It  goes  from  leaning  in  toward  the  collision  to 

^e^Sn^J-y  fJL\he  collision 

Of  the  target  boat  is  approximately  45  degrees. 

At  the  point  when  the  outdrive  penetrates  the  hull  side,  the 
4-avrtof  Vinat  is  rolled  so  far  that  the  chine  on  the  initially 
impacted  side  is  completely  out  of  the  water.  This 
iSriower  unit  and  propeller  of  the  bullet  boat  may  be  completely 

out  of  the  water  when  it  penetrates  ^he  ^^?he '  si z^a^d 

consistent  with  some  of  the  previous  data  collected.  The  size  and 
rfonmot T-v  of  the  hulls  involved  play  too  large  a  role  in  the 
co?nslon,  so  we  cannot  assume  that  this  is  generally  what  happens. 

The  severe  change  in  roll  attitude  of  the  target  boat  is 
representative  of  what  happens  when  striking  a  boat  with  a  high  CG 
oJ  rwSh  a  high  structural  density.  It  is  ihl 

a  collision  in  which  the  impact  force  is  directed 

on  a  boat  with  low  roll  stability.  In  our  model,  the  severe  roll 
of  the  target  boat  is  largely  caused  by  modeling  the 
a  riaid  body.  The  target  boat  rolls  with  a  sudden  ^olt  when  th 
bow  of  the  Lllet  boat  strikes  the  gunwale.  The  resulting  »obion 
of  the  bow  of  the  bullet  boat  as  it  clears  bhe  gunwale  of  the 
taraet  boat  is  abrupt.  The  change  in  pitch  and  the  elevation  of 
Si  target  beat  in  an  actual  collision  is  generally  a  smoother 
motion.^  In  the  experimental  collisions  conducted,  the  bullet  boat 
is  aenerally  at  a  greater  trim  angle  and  possibly  more  elevated 
fhp^Doint  when  the  lower  bow  reaches  the  far  gunwale.  This  means 
Sit  SfmSlin  o?  tZ  bullet  boat's  bow  as  it  clears  the  gunwale 
Of  the  target  boat  is  much  smoother  than  what  the  simulation 

showed . 

one  major  difference  between  this  impact  and  P^^e^ious 
experimental  collisions  is  the  resulting 

actual  collisions,  the  bullet  boat  may  travel  30  to  40  feet 
hnT-i zontallv  in  the  air  after  last  contact.  Trajectory  motion  in 
the  simulation  is  much  more  limited.  The  differences  could  be  due 
to  a  variety  of  variables.  The  boats  in  the  simulation  were  not 
intended  to  simulate  any  actual  boats,  thus  the  mass  properties  of 
the  boats  used  are  probably  different  than  those  involved  in  the 
acLarcolUsions.  The  boats  used  in  the  collision  are  heavier 
than  the  actual  boats  used  in  some  of  the  past  studies.  The 
heavier  the  boats,  the  more  substantial  the  hull  side  of  the  target 


14-20 


so  that  It  does  not  simply  collapse  on  impact.  Thus, 
the  target  boat  structure  must  be  modeled  in  such  a  way  as  to 
provide  a  certain  amount  of  resistance  to  collapse  in  the  vertical 
direction.  This  stiffness  creates  the  necessary  ramp  effect  for  the 
bullet  boat  to  obtain  a  vertical  acceleration.  One  weakness  of  our 

accurate  vertical  force  component  associated 
sidewall.  This  would  have  helped  to  impart  a  greater 
pitch  angle  of  the  bullet  boat  upon  impact  and  provide  a  more  solid 
surface  froitt  which  the  bullet  boat  would  be  “launched.”  The  pitch 
moment  of  inertia  of  the  bullet  boat  also  has  much  to  do  with  how 
much  vertical  reaction  force  is  required  on  impact  to  create  the 
proper  pitch  up  transition  response. 


4-  Simulation  of  our  target  boat,  we  selected  the  chine 
at  the  plane  of  impact  as  one  of  the  rigid  points.  This  hard 

'the  bottom  of  the  hull  side  impacted  area,  below 
which  no  vertical  penetration  of  the  hull  side  by  the  hull  of  the 
bullet  boat  occurs.  Penetration  below  this  point  by  the  skeg  and 
propeller  may  occur.  The  location  of  this  hard  point  is 
significant  because  it  has  a  tremendous  effect  on  the  resulting 
dynamics  of  the  bullet  boat.  Earlier  experimental  collisions 
showed  that  this  point  may  be  well  above  the  chine.  As  the  height 
of  this  point  increases,  the  chances  of  the  bullet  boat  clearing 
the  far  gunwale  generally  increase. 


14.1 1  Analysis  of  Data 


A  complete  set  of  graphs  and  tabulated  data  for  the  30  mph 
impact  may  be  found  in  the  Appendix,  Volume  2  of  this  report. 
Figure  14-8  contains  a  list  of  the  graphs  generated  by  ADAMS  for 
the  collision  simulation. 


14. 1 1 . 1  Explanation  of  Graphs  and  Tabulated  Data 

The  titles  of  the  graphs  are  somewhat  unusual  due  to  the 
automatic  generation  of  titles  used  by  ADAMS.  You  will  first  note 
that  no  units  appear  on  the  graphs.  Units  used  are  as  follows  and 
are  used  consistently  throughout  the  data: 


Quantity 


Units 


Time 

Displacement 
Velocity 
Acceleration 
Angular  Displacement 
Angular  Velocity 
Angular  Acceleration 
Force 


seconds 

feet 

feet  per  second 

feet  per  second  squared 

radians 

radians  per  second 
radians  per  second  squared 
pounds  force 
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T  1  f  rm  1  7  3  4  5  or  6  correspond  to  the  respective  x, 

component  of  the  variable  involvea. 

For  example: 


Label 

Col  1 
Col  2 
Col  3 
Col  4 
Col  5 
col  6 


Value 


yaw 

pitch 

roll 


For  example,  a  graph  °of  ^4e  ^CG^of  ^the 

Acceleration  shows  a  plot  of  t  .  ,  ^  request  number  and 

target  boat  in  ADmI  oode  requested 

serves  only  to  identify  rne  g  because  it  provides 

Si%"e7eVe?cri?J  tke  °t  the  tabulated  data 

found  in  Volume  2 . 


14.11.2  Overview  of  Technical  Data 

It  is  useful  for  analytical  purposes  to  review  a  few  of  the 
more  significant  plots  provided  for  this  collision. 

The  primary  points  of  interest  are: 

1.  The  ohange  in  height  of  the  CG  of  each  boat; 

2.  The  change  in  velocity  for  each  _  boat  and  the 
corresponding  change  in  kinetic  energy, 

3.  The  peak  accelerations  for  each  boat. 

we  will  look  °4e'?u\  ^Sor^fo^r^  evaluating 

mph  collision.  One  potential  y  future  involves  an  energy 

oSllisions  that  may  S  account  for  all 

analysis.  In  conducting  this  determine  where  it 

of  the  energy  that  went  in  “^j-gy  went  into  damage,  some  went 

went.  For  example,  some  bullet  boat,  and  some  went  into 

into  trajectory  motion  of  the  „_ter  and  so  forth.  The  data 
moving  the  target  boat  throug  ....  '  help  us  to  perform  such 

available  from  the  computer  The  graphs  of  velocity  and 

“crie^rrti;n“fo^l*lXf^^^^^^^  plg^ir^i-^  through  14-15. 

14.11.3  Energy  Analysis:  Change  in  Velocity  and  CG  Height 

The  Change  in  height  of  the  CG  of  the  Pullet^^boat  is 

Change  would 
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m  predicting  boat  dynamics  in  future 

predict  this  value,  we  must  also  be  able 
to  determine  the  net  change  in  height  of  the  target  boat  for  the 

foUoSing  data:^^"”®  ‘’^®®  analysis  on  the 


Initial 
CG  Height 


0.8  ft 
0.75  ft 


Extreme  Value 
CG  Height 

3.1  ft 

-0.1  ft 


Change  in 
CG  Height 

+2.3  ft 

-  0.85  ft 


where  BB  =  Bullet  Boat 
TB  =  Target  Boat 

The  change  in  height  of  the  target  boat  is  useful  for 
purposes.  its  value  will  be  dependent  upon  many 
ariables,  but  it  is  partially  dependent  upon  the  vertical 
acceleration  and  mass  of  the  bullet  boat,  and  by  its  dynamically 
supported  weight  at  impact. 

4.  Obviously  it  takes  a  certain  amount  of  force  to  push  the 
target  boat  down  in  the  water  0.85  ft.  While  it  was  not  done  for 
this  model,  it  is  possible  to  estimate  the  amount  of  force  required 
to  depress  the  target  boat  down  into  the  water.  This  could  be 

estimating  friction  forces.  Remember  that 
th®  friction  force  is  equal  to  the  coefficient  of  friction  times 
the  normal  force.  Knowing  the  force  required  to  depress  the  target 
boat  down  into  the  water,  and  the  precise  distance  down  into  the 
water  it  was  displaced,  it  becomes  possible  to  calculate  the  normal 

in  friction  estimates.  Now  all  we  need  is  the 
coefficient  of  friction,  which  must  be  determined  experimentally. 
Refer  to  Chapter  13,  accident  number  seven,  for  additional 
discussion  on  this  subject. 

Using  calculations  for  minimum  speed  as  discussed  in  Chapter 
11,  based  solely  on  the  change  in  height  of  the  CG,  we  arrive  at  a 
minimum  theoretical  speed  of  8.3  mph  as  shown; 


^min  =  V(2)  (32.2)  (2.3) 


^min  =  12.2  ft/sec  =  8.3  mph 
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clearly  this  speed  is  well  below  that  of  the  actual  speed. 
This  tells  US  that  only  a  relatively  small  amount  of  energy  is 
required  to  achieve  the  change  in  height  of  the 

^-his  boat  Since  the  boat  still  had  significant  velocity  after  the 
collision*  and  created  some  damage  on  the  target 

some  energy  went  into  damage  and  some  energy  remained  in  the  form 
of  kinetic  energy  following  contact.  We  would  like  to  know  what 
percentage  of  the  energy  expended  went  into  changing  the  height  of 
the  CG  of  the  bullet  boat. 

Prior  to  impact,  the  boat  had  a  total  kinetic  energy  of: 

KE  =  l/2*mV^ 

KE  =  (1/2)  (4868  /  32.2)  (44^) 


KE  =  147,257  ft-lbs 

We  would  like  to  know  where  the  energy  goes  in  a  collision.. 
For  this  collision,  we  can  determine  what  ^  ^ 

energy  expended  went  into  raising  the  height  of  the  Cg  of  the 
bullet  boat  if  we  know  how  much  kinetic  energy  was  lost  ty  the 
bullet  boat  in  the  collision.  This  can  be  determined  by  analyzing 
the  change  in  velocity  of  the  bullet  boat  which  occurred  DUst  prior 
to  iinpact  and  immediately  after  separation. 

The  velocity  of  the  bullet  boat  changed  from  ^4  ft/sec  to  35 
ft/sec  during  contact  with  the  target  boat.  The  total  kinetic 
energy  lost  during  the  collision  then  is. 


-  KE, 


after  impact 


=  Change  in  KE 


Change  in  KE  =  l/2m(Vi^2  _ 


after  impact/ 


=  l/2*(4868/32.2)  (44^  -  35^) 

=  53,745  ft-lbs 

It  is  interesting  to  note  the  percentage  of  pre-impact  kinetic 
energy  lost  in  the  collision  process.  For  this  collision,  the 

value  is: 


%KE  lost  = 


Kinetic  Engergy  Lost 
Original  Kinetic  Energy 

53,745  ft-lbs 
147,257  ft-lbs 


=  36.5 


predicting  a  bullet  boat  speed  for  a  two  boat 
iJIn?S^h  based  on  energy  lost  in  a  collision.  For  example,  it 
kinetic^  'I®  determine  an  average  percentage  of 

futu^^  class  of  scenarios.  For  example,  if 

uture  testing  showed  that  most  90  degree  impacts  that  occur 

SouTr"  40  mph  result  in  a  35%  loss  of  kinetic  energy,  it 

™tru?trn?st.  information  to  the  aclldent 

v.i«  enough  information  to  look  at  the  percentage  of 

account  for  the  change  in  CG  height  of  the 
AftfiR  kinetic  energy  required  to  raise  the  CG  of  the 

4868  lb  boat  2.3  ft  would  only  be  11,194  ft-lbs. 

Percent  KE  Lost  =  ^>194  ft-lbs 

53,745  ft-lbs 

=  20.8% 


friT-  on^of'  lost  in  the  collision,  we  can  only  account 
tor  20.8%  of  it  by  analyzing  the  change  in  height  of  the  CG  of  the 
JDUiiet  boat. 


14.1 1.3.1  Change  in  Velocity  of  the  Target  Boat 

TJ?®  target  boat  accelerated  from  zero  to  a  maximum  total 
velocity  of  approximately  9.79  ft/sec.  The  maximum  velocity  in  the 
X  direction  was  7.18  ft/ sec.  The  kinetic  energy  of  the  target  boat 
as  Its  maximum  velocity  was  then  approximately  7245  ft-lbs. 

If  we  add  this  value  to  the  11,194  ft-lbs  accounted  for  by  the 
Change  in  height  of  the  CG,  we  can  now  account  for  34.3  %  of  the 
kinetic  energy  lost  by  the  target  boat. 

We  can  perform  a  momentum  analysis  as  described  usincj  the 
relationship;  ^ 

(Sum  of  momentums  before  crash) = (Sum  of  momentums  after  crash) 

We  can  predict  that  the  maximum  velocity  which  the  target  boat 
can  attain  as  a  result  of  the  impact  (based  on  the  kinetic  energy 
bullet  boat)  is  approximately  9  ft/sec.  This  value 
should  be  compared  to  the  7.18  ft/sec  which  was  the  velocity  only 
iv!  ^  u  direction  to  see  how  much  potential  velocity  was  lost  by 
the  hydrodynamic  resistance  component.  If  these  values  were 
representative  of  a  real  collision,  we  would  say  that  the  target 
valL  ^  velocity  of  only  79.8%  of  the  maximum  possible 


14.1 1 .3.2  Other  Energy  Considerations 

The  remaining  energy  in  the  model  went  primarily  into  the 
following  areas: 

1.  Distortion  of  the  hull  side  of  the  target  boat 

2.  Overcoming  the  lateral  hydrodynamic  resistance  of  the 

target  boat 

3 .  Friction 

Thus,  these  three  factors  would  account  for  approximately  65% 
of  the  kinetic  energy  lost  of  the  target  boat. 


14.11.4  Acceleration  Data  for  Each  Boat 

The  nrimary  reason  for  studying  collision  accidents  is  in  the 
hones  that  someday  this  data  can  be  used  to  help  make  boating 
safer  The  accelerations  and  durations  that  the  occupants 

iSJience  during  a  collision  are  one  of  the  best  indicators 
a^Klable  for  analyzing  the  potential  for  injury.  Occupants  of  the 
taraet  boat  are  obviously  at  risk  from  direct  impact  with  the 
bullet  boat,  and  flying  debris  from  their  own  boat.  But  what  about 
the  occupants  of  the  bullet  boat? 

Figure  14-12  and  14-13  show  the  accelerations  for  the  bullet 
boat  in  the  x  and  z  axis  respectively.  The  units  are  given  in 
ft/sec^.  Note  that  the  plot  for  the  z  axis  shows  the  pre-:mpact 
accelerations  at  approximately  zero.  Thus  the  values  obtained  from 
the  araph  for  the  z  axis  must  have  the  component  of  acceleration 
dul  to  gravity  added  for  our  analysis.  This  must  be  done  since  we 
are  really  interested  in  the  forces  on  the  occupants,  as  calculated 

F  =  ma  Thus,  components  of  acceleration  for  the  z  axis 
expressed  in  feet/per  second^  will  have  the  value  of  32.2  added  o 
them.  When  acceleration  is  expressed  in  g's,  the  force  on  an  object 
can  be  calculated  by  multiplying  this  number  times  the  weight  of 
Se  object?  If  this'^sounds'^cinfusing,  think  ^he  force  between 
the  person  and  the  boat  if  the  boat  were  sudden]^  allowed  to 
accelerate  downward  at  32.2  ft/ sec/ sec.  The  contact  ^ 
zero!  However,  if  the  same  boat  were  suddenly  a^ccelerated  upward  at 
32  2  ft/sec/sec,  the  contact  force  between  the  occupant  the  bo 
would  be  two  times  the  occupant  weight.  Thus  a  person  weighing 
150  lbs  would  exert  a  force  of  300  lbs  on  the  boat. 

The  figures  on  the  graphs  show  a  maximum  acceleration  of  ^25 

ft/sec^  for ^ the  x  axis,  and  133  ft/sec"*  for  the  z  axis.  These 
values  correspond  to  3.88  g's  and  4.13  g's  for  the  x  and  z  axes 
respectively.  Remember  that  when  acceleration  due  to  gravity  is 
taken  into  account  that  the  acceleration  in  the  z  axis  is  really 
5  I3q's.  These  values  occurred  at  slightly  different  times  during 
tAe  collision  process.  Had  the  peaks  for  each  axis  occurred 

SLltaneously,'^the  maximum  total  acceleration  the  CG  would  have 
been  approximately  6.43  g's.  As  it  was  the  maximum  total 

acceleration  was  5.80  g's. 
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What  affect  does  this  have  on  the  occupants?  The  occuoants 
of  them  opposite  to  the  direction 

time^  theS  magnitude  to  their  mass 

reTatiJTf^  Figure  14-16  shows  the  direction 

the  cHf  ?he  target experienced  acceleration  at 

target  boat  was  bow  up  at  only  five 
^vS!h  maximum  acceleration.  The  target  boat  never 

exceeded  12  degrees  of  bow  up  attitude  during  the  collision.  Thlle 
alues  are  significantly  lower  than  the  pitch  up  angles  experienced 

during  earlier  experimental  collisions.  Pitch  up  angles  as  hiah  as 
38  degrees  have  been  recorded.  ungies  as  nigh  as 

be  fo^^^ shows  what  the  direction  of  acceleration  would 
values  given  in  the  computer  model  with  an  increased 

will  fee?^J«s^fb  toat.  In  this  example,  the  occupant 

^  ^  though  he  is  being  thrust  to  the  floor  of  the  boat. 

exLple^^  nearly  vertical  to  the  trim  angle  of  the  boat  in  this 

boat  is  experiencing  a  rapid  pitch 
acceleration,  the  occupants  in  the  bow  of  the  boat  will  be 

different  from  and  probably  more  severe 

y..,  testing  can  confirm  if  the  acceleration  values  depicted 

?L  realistic.  The  simulation  does  suggest  that 

the  accelerations  experienced  by  occupants  of  the  bullet  boat  may 
be  less  than  for  a  broad-side  collision  in  an  automobile.  ^ 


Accelerations  of  the  Target  Boat 

data  wo?e'’loSnr?f  brai°?ouLs^  tabulated 
Looint  ®tavity  is  taken  into 
X  axis  :  -120.9  ft/sec^  or  (3.75  g's) 

A  -70  total  acceleration  experienced  by  the  target  boat  was 
4.78  g  s  with  gravity  components  taken  into  account.  Note  that 
these  values  are  only  slightly  less  than  that  experienced  for  the 

durat^ns^ak^^^LTn!''  reflect  peaks,  and  the  time 

More  meaningful  data  on  accelerations  could  be  obtained  if  the 
averages  of  acceleration  curves  for  varying  time  periods  during  the 
collision  were  determined  and  compared  for  each  boat. 

Refer  to  Volume  2  for  additional  data  on  the  simulation. 
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14.12  Potential  Usefulness  of  Computers  in  the  Future 

^4_12.1  Advantages  and  Future  Applications 

one,  we  learned  that  it  is  o  p  ^  The  simulation  was 

computer  siBulatlon^of^ a  ^boating  <^ollx^on.^^ 

pa??icSlar  simulation  but  for  the  opportunities  and  potential, 
future  applications. 

Farlv  in  the  project,  experimentation  was  done  with  various 
The  ""n\tifl^pte|^^^^ 

Tls  l^oot  .SeVa? 

earlier  experimental  impact  demonstrated  the 

potential  ^usefulness  of  ^Jd^'^other 

different  collision  scenarios,  boat  strucrures, 

variables. 

computer  simulation  has  many  potential 
future  in  the  area  of  small  boat  collisions.  Some  of  these 

potential  applications  would  be  to; 

1.  increase  understanding  of  boat  and  occupant  dynamics 
during  a  collision; 

2.  Evaluate  how  different  boat  structures  and  designs 
perform  during  a  collision; 

3.  Study  how  collisions  affect  the  occupants  in  a  boat  and 
internal  structures  in  a  boat; 

4.  Reconstruct  accidents. 

When  -"“?s\“eTlrthrs"^^^^  \a“y"ilvant“  ge?  T. 

availawf  that  support  the  mttter"?o  perfo^ 

nirieiy  r/tashrin'thT  computer  model  that  in  a  real  test  are 
difficult  or  impossible  to  accomplish. 

For  example,  if  an  engineer  wanted  to  set  up  a  real  collision 

^■:~'SSv:ufS 

vSocity!  acceleration,  energy,  forces,  deflections,  and  so  forth 
can  be  obtained  for  any  part  of  the  model  at  any  time. 
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t"'?  interpreting  the  results,  the  graphics 
available  through  SDI  Animator  provide  an  excellent  presentation  of 
the  results.  The  numerical  data  is  always  available  for  a  detailed 

desired,  but  for  many  situations  the  graphics  may  be 
all  that  IS  required. 

It  should  be  noted  that  the  view  of  any  collision  from 
anywhere  in  the  global  reference  frame  is  available.  If  it  was 
desired  to  see  what  a  collision  may  have  looked  like  from  an 
operator's  perspective,  it  can  be  easily  accomplished.  Some 
graphics  programs  are  available  that  even  allow  the  programmer  to 
experiment  with  simulation  of  various  light  sources  and  how  the 
view  of  the  surroundings  is  affected.  This  could  someday  be  useful 
in  evaluating  night  collisions  or  those  which  occur  when  the  sun  or 
glare  is  a  factor. 


Finally,  one  not  so  obvious  advantage  of  conducting  tests 
using  a  computer  is  that  all  of  the  inputs  and  variables  can  be 
precisely  controlled.  If  it  is  desired  to  set  the  bullet  boat's 
speed  at  32.226  mph,  it  can  be  done.  Try  that  with  a  real 
collisioni 


14.12.2  The  Disadvantages 

It  is  important  to  realize  that  a  computer  simulation  is 
exactly  that,  a  simulation.  The  output  and  the  results  are  only  as 
accurate  and  trustworthy  as  the  accuracy  of  the  model.  Computers 
do  not  work  magic,  they  simply  execute  instructions.  They  have  no 
inherent  knowledge  of  boats  or  dynamics,  or  anything  else.  When 
the  video  of  the  simulation  conducted  under  this  project  is  viewed. 
It  does  not  look  exactly  like  a  real  accident.  Compared  to  what 
could  be  accomplished  with  additional  research,  time,  and,  of 
course,  money,  the  model  we  produced  is  overly  simplistic  and 
really  only  useful  as  a  starting  point  for  future,  more  accurate, 
simulations. 

The  model  and  the  collision  we  constructed  involved  the  most 
simple  scenarios  imaginable,  yet  the  equations  and  dynamics 
involved  were  fairly  complex.  More  complex,  realistic  models  are 
achievable,  but  would  require  significant  additional  research. 


14.12.3  Feasibility  of  Application  Of  Computers  to  Boat  Collisions 

In  the  near  term,  the  modeling  of  complex  boat  collisions  as 
a  general  accident  reconstruction  tool  is  not  really  feasible. 

research  will  need  to  be  conducted  before  accurate 
^®l^^sion  models  can  be  developed.  In  the  meantime,  computers  may 
be  helpful  by  serving  purposes  other  than  simulation  of  an 
accident. 
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current  software  programs  P^tudy®  "and 

?Ss^ruct?on  of  r  collision.  A  summary  of  the  potential 
applications  is  listed  below. 

sSving''°a^rdevTlVent^S^  ^Jq^Sions  fo? 

Kira"?cWentt  Fo?  example,  the  s,-tions  and  velocity 
ratio  charts  presented  in  Chapters  12  and 
performed  using  Mathcad  2.5,  by  Mathsoft,  Inc. 

o  a  hft‘5t  of  software  is  available  to  assist  in  performance 
prerictfon^o'f  planing  hulls.  .This  data  ca„  be  us^  to 
trim  anqles,  maximum  speeds,  staDiii^y 
Slrarterlttics  and  related  parameters  for  a  certain  type 
or  class  of  boats. 

serTSi'ot  e"v°en?'sTs  d"e"Acted"by  t  Witness'!  Jhu'ty^^of 

iHro"grS:erwr^^^  ^  ^  “ 

effective  tool  for  illustrating  a  sequence 
This  type  of  software  is  widely  used  in  automobile 
accident  reconstruction  to  help  illustrate  a  complex 
sequence  of  events. 

In  summary,  computers  are  not  likely  ® ®  , 

:een'toLy?°cLpSLr\"Ld\'oS^^^  may  P-vide  data  that  can  be 
used  to  assist  in  the  reconstruction  of  an  accident. 


14_‘]2.4  Areas  for  Improvement  of  the  Simulation  Model 

Many  assumptions  and  simplifications  "“f,  '“tuS? 

improvements  are  discussed  below. 

1  Both  boats  should  be  modeled  using  six  degrees  of  freedom 
®DOF)  in  our  simulation,  the  bullet  boat  was  limited  to 

three  DOF . 

9  The  impact  point  should  not  necessarily  be  limited  to  the 
center  of  rotation  (CR)  .  Choosing  the  point 

co-incident  with  the  CR  prevented  the  target  boat  from 
vawing  at  impact.  Modeling  such  rotation  at  impact  would 
Require  further  hydrodynamic  data  for  the  target  boat. 


3. 


The  effects  of^  the  outdrive  and  lower  unit  should  be 
modeled.  The  simulation  presented  only  a  graphic  view  of 
an  outboard  motor .  it  was  not  assigned  any  physical 
properties,  and  thus  did  not  play  any  role  in  determining 
the  impact  response  of  either  boat.  Future  simulations 
should  include  the  effect  of  the  outdrive  on  both  boats. 
It  will  effect  the  CR  of  the  target  boat  and  the  impact 
response  of  both  boats.  The  outdrive  could  be  modeled  as 
^  body,  but  the  characteristics  which  cause  the 
outdrive  to  pivot  upward  when  striking  an  object  would 
need  to  be  included  in  the  model.  It  is  not  known  if 
outdrive  manufacturers  have  sufficient  data  which  would 
^llow  an  accurate  model  to  be  developed. 

The  friction  model  should  be  improved.  The  friction 
model  should  be  made  as  accurate  as  possible. 
Admittedly,  this  would  require  data  not  currently 
available  to  obtain  the  actual  friction  coefficients 
experienced  during  an  impact. 

The  hydrodynamic  model  for  lateral  movement  of  the  target 
boat  through  the  water  should  be  improved. 

The  model  of  the  structure  of  the  target  boat  should  be 
improved.  Laboratory  testing  of  hull  side  panels  and 
even  whole  boat  hulls  could  be  used  to  provide  data  for 
a  force  vs.  deflection  curve  prior  to  impact  and  also  for 
the  energy  required  for  penetration. 

Occupants  should  be  placed  in  the  interior  of  both  boats. 
The  software  and  technology  is  currently  available  that 
will  allow  the  reaction  of  an  occupant  to  be  modeled 
during  the  collision.  in  the  early  stages,  this  may 
provide  only  gross  approximations.  Sufficient  data  could 
probably  be  generated  to  determine  if  the  occupants  would 
be  thrown  out  of  the  boat. 


14.12.5  Benefits  in  Human  Factors  and  Occupant  Protection 

ADAMS  has  a  module  available  called  ADAMS/ Android.  According 
^  Mechanical  Dynamics,  Inc.,  the  ADAMS/Android 

model  «makes  it  possible  to  construct  and  modify  a  human  'body'  in 
less  than  ten  minutes,  based  on  factors  such  as  gender,  population 
percentile  and  activity.”  The  potential  applications  of  this 

software  with  regard  to  occupant  protection  and  human  factors  are 
promising. 

The  automobile  industry  started  crashing  automobiles  many 
years  ^9°  to  obtain  data  on  vehicle  performance  during  a  crash  and 
to  study  the  affects  of  the  crash  on  the  occupants.  In  the  early 
days  Of  this  testing,  there  was  simply  no  other  method  of  obtaining 
the  necessary  data.  ^ 
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Tf  for  anv  reason,  it  becomes  desirable  or  necessary  in  the 
future  to  orionisiJn?° 

;?ov?rthfbas?s%o?  doig  s'?  on  a  more  cost  effective  and  more 
controlled  basis, 

14.13  Conclusions  and  Recommendations 

The  computer  is  a  powerful  tool  that  holds  great  promise  for 

trrssroi 

e^^  Se-in^tre  r^^^^^U^cT^f  Kfe 

fo^mortfii'^a  collision  with  a  reasonable  degree  of  accuracy  in  the 
near  future  depends  on  the  amount  of  effort  put  towards  conducting 
research  to  fill  in  some  of  the  missing  pieces. 

UK 

prove  much  more  cost  effective  than  conducting  real  collisions 
obtain  such  data. 

Until  such  time  as  full  scale  and 

mpfhods  and  potential  applications  discussed  in  Chapters  11,  12  and 
“  could  Sf  SSl  fully  developed  as  accident  reconstruction  tools. 
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Resultant  Acceleration  Vector  of  the 
Bullet  Boat  CG  During  Impact. 
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Opposite  in  Direction  to  the  Total  Acceleration  Vector  of  the  CG. 
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